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Research Highlights

World’s lowest energy World’s first Inter-Human
Human Body Communication HBC Information Exchange
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Cheap Computation—=> Smartness

SPARC Lab

Ubiquitous computing
— Smart Things




Connectivity in loT

Exabytes of Data per Month
+ Cheap Computing 1 Exabyte (EB) = 1 Billion Gigabyte

" 35

i 30.6 EB
25 21.7EB

30
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149 EB
T Shafgvsn’s N Wireless 10 9.9EB
o~ Connectivity 6.2 EB
¢ . 3 EB
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- Energy Efficiency Security ?
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Law
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Energy-Cost of Connected Systems

e Typical connectivity: 4G, Wi-Fi, BT, BTLE, WIiGig

N
7 _ BTLE 1 Mb/s,
CIC.J 10 nJd/bit
= Wi-Fi 54 Mb/s
Q O
— .. |60GHz OFDM 5GHz 8x8 MIMO
W LIt e0s 11 ad) @ """"""""""""" OFDM
> <7 Gbls, 3-5m (802.11 ac)
9 <7 Gbl/s, 30-50m
L 100 pabit T
LLl >

) 50m
Distance

* Energy-Efficiency > ~1nJ/b
*S. Sen, DAC
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Energy-Gap: Net-Zero loT Sensors

e Sensors with Mbps throughput

e 1nJ/b, 1 Mb/s =2 1mW
o Small battery will run out in 7.5 days

o Zero-net energy: runs on harvested energy
e >10x improvement required

N

1 mW+ A
)
S 500 W1 Energy-
. Light  Vibrational Thermal ;Zime 200 pw gap
100,WT il 5] v

50 uW

*S. Sen, DAC
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Present Research Outline
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Data Moving from Sensor to Cloud (around human)
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Talk Outline

« Motivation: Internet of Body

« Human Body Communication (HBC)
 In-Sensor Analytics in loT Sensor Node
e Other Related Work

« Societal Impact of On-device Analytics + HBC
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Concept: Human Body as a Comm

HBC Signals
Contained
Within Body |
| D \WBAN
Smart
B V\(atchgzs
Ly
HBC

Dynémic
HBC Link

| Attacker

Can Snoop WBAN
but not HBC signal

Human-Intranet Human-Internet
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Motivation HBC challenges CVM-IR-HBC Implementation Results

Health Monitoring using Human Body

Communication (HBC) l

7

e Human Body Communication:
Energy efficient , Secure, robust to

Inter-Sensor Interference

Comparison Resplratlo ; T
| |WBAN| HBC Glucose
Secure X v b Fitness
Tracker
Energy-Efficient X v able Hub
netorence ¥ %

Robustness to

FM interference Al — EMG

Safety

(MmA)

2.5-100 kHz 0.2f Pressure ™

0.003-0.06 But suffers from environmental interference

SPARC Lab




Motivation HBC challenges CVM-IR-HBC Implementation Results

Broadband HBC Bottlenecks

*N. Cho, JSSC 09

Interference on Human Body

N EM TN

Field

88-108 MHz FM
Interference

M4 Received Signal

=-50 dBm

Conductor

Floated Body Grounded Body

Frequency 150MHz

« HBC bottleneck

« Human body acts like an antenna in the 40—400 MHz frequency
range

« FM radio frequency band (88-108 MHz) falls in this range

SPARC Lab




Motivation HBC challenges CVM-IR-HBC Implementation Results

HBC Technology

e |[EEE 802.15.6 standard

Broadband HBC * Narrowband
* Energy-inefficient (—nJ/b)

 Proposed HBC Signaling
 Broadband
HBC 802.15.6  Energy-efficient (—pJ/b)

 No up-conversion and down-
conversion

 Low loss in human body

» Suitable for energy-harvested
U sensors

.21 Frequency (MHz)

Proposed HBC signaling

PSD

Key enablers of Broadband HBC:
18. 375 23 375 1. Capacitive Voltage Mode HBC

2. Integrating Receiver

SPARC Lab




Human Body Circuit Model

Tx Rx

R
Electrode Electrode f RX s
@

’ Cband Cba

‘ ‘ skm 1
s i s skm

’ ' Rskin CsFin $C L

\ _ Rbody

Epidermis

— \ No Common Ground /

Hypodermis

N ~100-500

VYessels MW C L
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Capacitive HBC: Return Path capacitance

—

Cband
;» Cskin el

L 1

<
R, 3 CT Vour

« How is the closed path formed between Tx and Rx?

 Primarily by capacitance formed between transmitter,
receiver through the surroundings

51
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Motivation HBC challenges CVM-IR-HBC Implementation Results

1. Capacitive Voltage Mode HBC (CVM-HBC)

Input
Transmitter impedance

I Receiver

Electrode / Electrode /

:E# Zs Skin :E# Zs Skin

75 Conductive Tissue — ———» zF Conductive Tissue

« System Loss dependent on receiver input impedance
 High input impedance - Lower loss

» Capacitive Termination - Flat Frequency Response - Wider BW

er ~ Cret
Vtx (Cret + CL)

Channel Loss =

SPARC Lab




Motivation HBC challenges CVM-IR-HBC Implementation Results

1. Capacitive Voltage Mode HBC (CVM-HBC)

Lower Frequency Loss Reduction by Capacitive Voltage-Mode Signaling Time-Domain Received Signals
a) g 35 b)
C itive Termination: 3-37.5'—«/-%““‘*‘1.
apacitive Termination: - Vix
2
(Z10aa.rx=C) to enable larger S o 100k 500k time
Bandwidth BB Channel ' Frequency (Hz) Zioad = C
HBC Channel éapacitive Z\0ad R Vrx | I
Vo o — time
- ) ol : i —
Z,o oty ’ - :|st|ve Z,oadr—10k0 Z10aa = R
’ Resistive Z =500
c : LS Vrx M_W__M_lf__
*  Frequenc i
ground _return 1 MHz q y tl ITI e
er Cret
Channel Loss = =

Vtx - (Cret + CL)
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Motivation HBC challenges CVM-IR-HBC Implementation Results

2. Integrating Receiver (IR-HBC)

Received NRZ w SNR =20 dB

IS

N

 Non-integrated
signal: no eye
opening

o

Received Signal (mV)

Time (sec) 10~
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Sy Theory: Interference Suppression using

Integrating DDR Recelver as Notch Filter

Ssig(t) = iAsig Sintf(t) - Aintf Sin(wit + ‘P)
+1 c)

= VWY

Sample Point

Ajpircos(wit + @)

d) e) I:[::'f) _Kint w;
INT RST /INT | RST iSample Point
0 Tb ISSiglt:Tb = iKintAsigTb

e Signal : NRZ signal + CW interference
 Problem: Aintf > Asig — closed eye-diagram — impossible to sample accurately
o Solution: Integrating for the bit-period (75) and then sample

Ta: PURDUE SPARC Lab




Solution

Working Principle

@ = Arbitrary Phase Dif ference Sov=2_5.. S. 1
Between NRZ and Interference RX sig + Sintf (1)
w; = ?rr = Interfernce Frequency SSig(t) = iASiQ 0=t=T) (2)
K;,; = Integrator Gain’ Sintf () = Anef sin(wit +¢) VvVt (3)
IS0 (2} = ts _ (£KinAsigt,  O0<t<T, (4)
sig(t) = | Ssig = 0, T,<t<2T,
¢ (5)
INT ISy ® = | S,
f intf
RST RST 0
Ajprcos(w;t +
0 T ) kg RO @ @) o,
0, T,<t<2T,
ISsig|t=Tb = iKintAsigTb (6)
Appf[cos(@) — cos(w;Ty + ¢ )] (7)
Isintfltsz = Kint ®.
L
Ajnes |cos(@) — cos (Zn% + @ )I
= Kine : (8)
Wi
=0, V Tp= nT;; n = positive integer

SPARC Lab




Motivation HBC challenges CVM-IR-HBC Implementation Results

2. Integrating Receiver (IR-HBC)

* Integration at the receiver - reduces effect of environmental
interference

Received NRZ w SNR =20 dB
4

 Non-integrated
o signal: no eye
opening

Received Signal (mV)

L L L
0 0.5 1 15 2

Time (sec) 10

Rx Signal and Integrated Signal
30

Rx NRZ signal

* Integrated Signal:
clear eye opening

Amplitude(mV)

SPARC Lab




Motivation HBC challenges CVM-IR-HBC Implementation Results

Application: HBC based Health Monitoring

|  Intra-body health
Respiration il - monitoring: transmission

| " of data from sensors to
Wearable Hub

* Human Machine
Interaction: health data
upload from Wearable Hub
to Health Monitoring
Machine

Pressure®
Sensor

|Sensor Node |

SPARC Lab

Machine
HBC Link

Wearable Hub




Motivation HBC challenges CVM-IR-HBC Implementation Results

Wearable Health Monitoring Node

Processing %8 T
Unit and
Memory

| ]

I {
| )
] R

: | Physiological

v Sensor

e do

Sensor Node: Collects physiological data

 Physiological sensor: Acquires physical data

 Processing Unit: Processes data from sensors

« HBC electrodes: coupling signal to and from the body

« Battery: Source of power, very limited due to small size

Wearable Hub: Aggregates data, sends for further analysis
« Battery: Bigger battery, higher battery life

51
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Motivation HBC challenges CVM-IR-HBC Implementation Results

Wearable Health Monitoring Node: Implementation

* Processing Unit: TIVA-C 123GXL Microcontroller Unit (MCU)
 Battery: Rechargeable Li ion battery

 Physiological Sensor: Pulse Sensor

SPARC Lab




Motivation HBC challenges CVM-IR-HBC Implementation Results

Signal Transmission Characteristics

Pulse
Sensor
Output

{sensor Ndlile | |wearable Hut

 Pulse Sensor output is digitized using a 12

\I L____“m.., A

 Digitized signal transmitted, amplitude : 3.3V

L‘* %J‘\a il °+ Received signal amplitude 45mV

2 bit sample

« Signal integrated to reduce effect of
environmental interference

RX INT 300
Integrated signal decoded in digital domain
RX Output
3.3V Type of HBC Rx signal Loss (dB)
Amplitude (mV)
Intra-body HBC 37.3
HBC-HMI 57 35.2

SPARC Lab




Dynamic HBC

2. 1 PURDUE SPARC Lab




Application: Business Card/Password

Exchange

* Interactive input provided by user to toggle display

A series of bit sent by transmitter and decoded by the receiver

ISLPED
o=
.z PURDUE SPARC Lab




Motivation | HBC challenges | Channel Models | TRX Design | Dynamic HBC | Demonstration

Dynamic HBC: Data Transfer

 Transient Signal Characteristics : data transfer during a
handshake event

Data Transfer during After

Before ', Handshake

Handshake H\‘ “I‘ I'

A e MWN zoomed.

5"
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>100X LOWER-ENERGY
BAN
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|C Detalls

Integrating Receiver:

Separates NRZ signal from NB

interference in Time Domain Integrating A
Receiver xa'
__L_ Gain=K 0?2
MMy 2 DT

Bipolar, NRZ data b N/
At the receiver VV\/\/ B Elk’ ANN

Integrationi— 2"
time=T, _l—l_ﬂ:*,'

- J Sampling
Duty cycle adaptation of A Integrator A ~ N point ~_

Integrating clk = Response
Moves the TF notch =
Suppresses interference
frequencies which are both
integral or non-integral
multiples of data rate (DR)

PSD

J Integrated Eye
~” Frequency With Interference

SPARC Lab




IR-HBC Overview

kTX_OUTé OQ‘ """""""" 94 o} DATA GEN | |« _LI‘_);(D é

Capacitive

 coving_ 3 R [ o RX
i C. CK_Int M(_SA

o5 |IPD_CTRL

Human Body

: Clock phase Int_0 Int_0 5
DCA CODE
RX_DATA DCA_CODE
-E 16-
é | phase | . ock phase
Gen. |
EXT_CLK ! Cis CDR_CODE
: w)
; C CKb_Int C il
; y - Int_180 I\b\ ~
: _I :|: SA_180
A
: Rbias PaTH2| [ A
'
]
]
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Fabricated Die (65nm Die)

Wire bonding:
Thanks Birck!

e
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Measurement Results

BER vs. Timing Offset between data
and samplmg clk @ dlfferent data rates

BER vs. Timing Offset between data
and sampling clk @ different SIR

0 :
1 0 4—DR 30 Mbps 10 <No ext. Interference
-o-DR: 15 Mbps #SIR = -15dB
10! -0-DR: 6 Mbps | 107 4-SIR = -21dB
No ext. interference ©-SIR = -25dB
5 2 ©-SIR = -30dB
o 107, 510 DR: 30 Mbps
o m F,t 60 MHzZ
10‘3 l : 10- - S A A -
0 20 U
10 f0.57 Ul / g 10 0.19 UI
10-5 L \084 UI j 105 ' | H L
-0.5 -0.3 -0.1 0.1 0.5 0.3 -0.2 -01 0 0.1 0.2 0.3
Timing Offset (Ul) Timing Offset (Ul)
BER vs. SIR @ different data rates Effect of DCA @different T, /T, 4
1072 107 : ' -
Measurements are taken near 0 ul - DCA: Duty Cycle 32:2 - _§8§§; ;lv?ﬂ? ‘;@A
73R e s 102 - Adaptation -o-SIR = -25dB, No DCA
Fint: 60 MHz f 0 -4-SIR = -25dB, With DCA
4 -0-DR:30 Mbps ]
o 107 -=DR:15 Mbps -
g +$-DR:6 Mbps
10°
10°®
107 : i ' ' ' ‘
-35 -30 -25 -20 -15 -10 -5 1 1.4 1.8 2.2 2.6 3
SIR (dB) (Ty/Ting) = (Fine/DR)
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IR-Human Body Comm (6.3 pJ/b)

« SparcLab recent results (world record: 18x more efficient HBC th
« 30 Mbps, 6.3pJ/b Transceiver (3.2 pJ/b Rx only measured)
« -30dB SIR tolerance
e Comparison: WBAN ~ 1nJ/b

Total Power Consumption w.r.t.
State of the Art HBC Transceivers

100 =
J.Lee[d} ~
H.Lee N.Cho[2] ISSCC'14
10} Isscc’ 13 Jssc0g -~ H.cho [11GD
- @ ISSCC15 -

wimgpio e

A JSSC1
,\u\,wsANox,x’ 18X
Heto [1] e >k Y

-

Total Power (mW)

0.1Fisscc1s A%~ “ .~" .
HC-mode. - - A0 ?3“!‘0)‘1 This Work
0.01L N ,
0.1 1 10 100
Data Rate (Mbps) ClCC 18
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Our Work in the News and Radio

PHYS \@ ORG Nanotechnology v Physics v Earth v Astronomy & Space v Technology v Chemistry v Biology ~ Other Sciences v

fyas( :
Discovery clears way for human body to work as robust communication network for A
electronic devices

December 14, 2017, Purdua Univarsity

MARKETS

INSIDER rorTroUe Qs

MARKETS STOCKS INDICES COMMODITIES CURRENCIES MUTUAL FUNDS ETFS BONDS NEWS

NEWS CURRENCIES LIVE CURRENCY CONVERTER EUR/USD GBP/USD BITCOIN US DOLLAR INDEX CRYPTOCURRENCIES

S&P 500 NASDAQ 100 DJIA NIKKEI 225
A 168368 »~7 A 8057 7T A 9169 A v 2000 >
2,71217 (0.61%) 6,671.91 (0.93%) 24,915.70 (0.37%) 22,575.00 (-0.09%)

Purdue discovery clears way for human body
e £Q WOFK @S robust communication network for
Arandtnae Uil e memers e ey et @l@ctronic devices

and low-energy than any wireless system.

e devices allo

n using the human body e:

jevices. In this photo, a r

that allow for the exchange of infol

PRESS RELEASE GlobeNewswire

(- MEol I

& SHARE

West Lafayette, IN, Dec. 14, 2017 (GLOBE NEWSWIRE) -- A group
of Purdue University researchers have discovered a new way in using

Listen Live - WBOI NPR News and Diverse Music
BBC World Service

»

Home News Schedule ~ About ~ Events ~ Underwriting ~ Support ¥ Search Social

Researchers Use Human Body As Coverage: 30+ News Sit BUSINESS

INSIDER

Communication Network

By JILL SHERIDAN - DEC 29,2017

WBOI/NPR/BBC
SPARC Lab



https://phys.org/news/2017-12-discovery-human-body-robust-network.html
http://markets.businessinsider.com/news/stocks/Purdue-discovery-clears-way-for-human-body-to-work-as-robust-communication-network-for-electronic-devices-1011409883

Talk Outline

« Motivation: Internet of Body

« Human Body Communication (HBC)

* In-Sensor Analytics in loT Sensor Node
e Other Related Work

« Societal Impact of On-device Analytics + HBC
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Traditional Sensors

temperature,
humidity, etc.

Transmit p—— back-end station

>
o)
o
=
7
=
@)
-
\ 4

front-end sensor

Direct transmit without embedded processing.

SPARC Lab




In-sensor Analytics

1
1 1
1 1
. I . l
Audio ! MBs | Processing Bytes | back-end
Image — | Acquisition »| (recognition, » Transmit e station
Video | ML, etc.) i
| |
1 1
D e e e e e e e e e e e e o e e e .

front-end sensor

Embedded processing significantly reduces TX data volume
thus improving both congestion problem and TX energy problem

Total Comm.Energy/information = Energy/bit * bits/information
4 4

ULP In-Sensor

SPARC Lab




Context-Driven IoT Video
Sensor Node

2! PUrRDUE SPARC Lab




Embedded Processing Algorithm

el Object
Aquisition ' Loc/Seg | CL

| |

' I
i
|
|
| ' Human
: ' Detected
i
|
i
i
i

Temporal  Averaging Histogram Naive Bayes
Difference of Oriented

Gradient

SPARC Lab




Hardware Setup

DC Supply I: OV7670

—————L—————L——j

l
l
I o0 ADSP-BF707 : DC Supply
I S ﬁ
> Controller i TXLoad | USRP B200
l CQI | (implemented on PC) | Gain I Back-end
| 2 3 thRE B0 Transceiver
Ettus B200 I Front-end
| Software Transceiver -
| Defined Radio | BF707 Image Processor
_— — _— — _— — _— — _— J
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Measurement Results

20

] N PD=1 [ | TX-All

1 EPD=2

|1 ®mPD=3
T Optimal Mode

PD=1 PD=1 PD=2 [Mpp-l

|

m—

® Full-Computation

® Proposed Self-
optimization System

10 -

ok d pk pd ek N

SNAANRONANGO
|

€
!@

0 4

XL'€
Energy per Frame (mJ)

S D

0 50 6 70 SRS
& o
Path Loss (dB) Yoy N

oo

\) Q)
GRS
X

o ¥ ®

Total Energy per Frame
(Computet+Communicate) (mJ)

Maximum 3.7X energy saving Guarantees energy saving
IMS 17, TCAS1
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Real-time Diagnosis
using Staged Inference

21 PuRDUE SPARC Lab




Vision

Deep Diagnosis in Cloud using Deeper Stages of CDL*

Sensor
Input

@
Q&' Convolution Pooling Convolution Pooling Output

ﬂUpdate Diagnosis Network

Clinical Database <:

Public Personal <

= ~
Oximetry
Sensor

e o e

Learned Model Updates

. ﬁDeep Diagnosis Results

ANC
g
Gyroscopé Wearable Real-time Diagnosis SDH
using First few stages of a CDL* Network
‘\\ CNN CNN
. Layer LS Layer Primary
\ 1 2 Diagnosis
- ghysiological“ Sensor C1 G2
ensor v
Bressun HBC link (Secure, Inputs —
Energy-efficient) || Aggregated through Secure, Energy-Efficient *CDL: Conditional

Y

.| Human Body Communication (HBC) Deep Learning

PURDUE

SPARC Lab




Motivation Overview Traditional DLN Conditional DLN Experiment

Staged Inference Conditional Deep Learning

3 Simple \ ..................................................
Networks\ 1.61x Reduction in Energy o o2 g g5 T
- T T T T T T T T — e In Cloud """""""""""
SICDL

Traditon I :
1 Complex U LA = Y- CNN eoo CNN e OutPUt

PI%A0 Normalized #OPS 1 Laver 3 L L 's
Network yer ayer n ayer )

Cloud or deeper layers are only accessed
when the patient is sick

_________________________________________________
SO,

|'
Input | || CNN || CNN
Layer | i | Layer 1 | | Layer 2
Test i !
Instance i Linear
\ Classifier | “Healthy / Conditional Access
Easy inputs classified in “On-Body” Device EMBC 17

SPARC Lab




Talk Outline

« Motivation: Internet of Body

« Human Body Communication (HBC)
 In-Sensor Analytics in loT Sensor Node
e Other Related Work

« Societal Impact of On-device Analytics + HBC
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ULP Wireless

2. 1 PURDUE SPARC Lab




Sub-50 uW Medradio Receiver Front-end

Low-Power RF
Fro

nt-End

4 Cascacied 10dB  Differential to Single

LO il
CLK OUT0 | |
CLKP | 4-phase % sl
RESET NLO QUT270
: 1L
. i LO1
403.5 MHz _-I-_
Lm CC ;
il
I
R, C,=r _L
— — LO2
Matching Network Down-
(off-chip) Conversion

Amplifiers Ended Converter
Channel |— | | | |
Select Amplifier — pemodulated
Filter — Data

Baseband
LNA

SPARC Lab

* 50 ohm R,,matches to
antenna and the step-up
transformation

+ 2-path mixer for OOK

VLSI Design 17




Efficient Mixed-Signal
Neural Networks

21 PuRDUE SPARC Lab




Mixed-Signal NN: MAC with Intrinsic Dynamics

~ l
= Less Number of transistors
Vour = F| gmR Z Wy

" Less leakage
= More Noise

. e V
= Higher variations = %U;?;ge
Current Addition (KCL) %R Ré ,wr)\/out -
- . . -/I
2D 2N 1)ﬂ 2<N ”H
W, /[ X | W, /[ W,
+TX ] 4L TX + 1x ]
. | . .
V]__ | -m I_l V2- gm I—I Vn- m I—l
\oltage d )
mputs AN I AN .
oias| bbiasfl -7 bias
MAC 1 MAC2 = MAC n
W, W,, ..., W,: Synaptic Weights (N-bits) ICRC 17
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Power/Energy Efficiency w.r.t. Digital MAC

o
co

o --¢- digital: 8b MAC

~¢- digital: 8b MAC .

--¢- digital: 3b MAC .."‘ .. ~-¢- digital: 3b MAC
- -4 | =»—analog: 8b MAC o & -y —>—analog: 8b MAC
E 10 ——analog: 3b MAC oA o 2 1010 o '°-.,.‘ ——analog: 3b MAC |’
= -6 & — 6 °
= 10 < :
‘q—) E) 10-12
= 108 )
O LI(_: 14
" 1010 10

10-12: w s s 10'16: . ‘ ‘
102 104 106 108 1010 102 104 106 108 1010
Frequency (in Hz) Frequency (in Hz)

Energy Efficiency: ~ 1fJ/MAC for 8 bit unit (without Memory fetch)
ICRC 17

SPARC Lab




Hardware Security:
Power/EM Side-Channel
Attack
RF-PUF

Tw: PURDUE SPARC Lab




Power SC Signature Suppression using Shunt
LDO

Traditional AES AS-AES Overhead Comparison
2 _ 2 2
Full AES curre! Tag\;\lger Attenuated AES Pg\;\:]el’ On, = AF® x oy 1
signature current signature In
W\/\/ : —
4 lags + lsan INZ VAF « INI
4 Laes
Signature

Attenuating

AES | Hardware (SAH
Engine (l> " AES( <l> e

Engine .

08

__GND GND s .,
= - %

Iovi = Ina Iovz = Inz +Isan ? o
&

Cov(T, H) %* Cov(T, H) S

Pr'u, = Jﬁ Pr'y, = 1 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
a + a * (T 2 2 0 10 20 30 40 50 60 70 80
T N H — % g o< *@g
! \/AFZ Tt N2 H Noise Overhead (mA)

HOST 17 Best Paper,
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RF-PUF for IoT Security using In-situ Machine
Learning

T TTT iiiesieieeiesseieesseiesieiee FEEEEEEE L E e T T T E e e e e e e T T e TS i K
T : :: 1. Introduce I-Q Mismatch ! .: ..
X i: 2. Introduce LO freq. variation Introduce PA : oo
Non-linearity 777
bit-stream RRC . 1. Introduce
: Channel
J_I_I_|_ ] Filter '-‘ Attenuation
: ¢ 2. Introduce
Digital Data RF Signal ‘...D.oppler Shift
: No Signature 16-QAM Modulator with Signature K
v
i
A
16-QAM Doppler -Q AGCH Carrier DC wi Rotating Constellation d
= < Correc- |e Comp- | RRC | Svnch- | otating Constellation due
Demodulator tor ensator Filter rgnizer Blocker to 1O frequency offset
l Channel I-Q Chapnel LO freq. DC Offsdt
Info Info Info o
bit-stream
| | | | CNN
Unique Identifier <«— For
for each Tx Identification
Ideal Rx

HOST 18
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Talk Outline

« Motivation: Internet of Body

« Human Body Communication (HBC)
 In-Sensor Analytics in loT Sensor Node
e Other Related Work

e Societal Impact of On-device Analytics + HBC
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Societal Needs

Neuroscience — Electroceuticals — Closed

Understand How Loop Neuromodulation AR/VR

Smart Glass/Contacts

l-’_i(yv'

Camera Pill

' PillCam Fﬁ)

Continuous Observability and

-

Vagus Nerve Stimulation

High-resolution Multi Channel .
Spatiotemporal Observability opportunistic/appropriate neurostimulation
Required promises to replace/augment pharmaceuticals,
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Neuroscience, Healthcare, AR/VR needs High-Speed Data Transfer
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Neuroscience’s limitation - Observability

e Today, neuroscience observability is limited by the
data-rate and energy-availability at the implanted

nodes
e Tethered probes impede normal behaviors, socially
wiavard, Today'’s battery Today’s wireless: 1-
Cteet motes :akénergy-i 10nJ/bit
-2 @0.18 Gbps
U Battery runs out
mm3neural implant 2 2 iIn 1 Second !!!
Joules

Needs new Communication/Embedded Analytics Techniques
for Neuroscience Data Transfer
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Key Technology: On-device Analytics + HBC

HBC Signals
Contained
Within Body

« Human Body Communication

* Provides a low-loss broadband connectivity
medium

-> Fraction of wireless energy
 Signals remain within the body
-> Private, Secure Communication

 On-Device Analytics/Machine
Learning

« Converts from data to information

-> Fraction of total energy, Real-Time
* Reduces Data volume drastically

-> Lower Congestion, Longer Lifetime

Connect Brain Implantable/Injectable with surface device

using HBC
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Sustainable Neuroscience/Healthcare

Qbservability

Continuous Neural Signal Observation [Time
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HBC: Human Body Communication; BB: Broad
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THANK YOU
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