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Living in a Smart World

Trillion Sensor Visions
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Smart things, smart buildings,
smart city, smart everything ...




Living in a Smart Dynamic World

[MIT Cheetah, Google car, Lexus quadrotor ad]




One viable option ... extend ourselves!
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A limited bandwidth proposition




Extend ourselves - An old idea

‘Meaning: More-rapid comprehension,
better comprehension ..., speedier
solutions, better solutions, and the

possibility of finding solutions to
problems that before seemed insolvable.”

“Mother of all demos”
NLS — December 1968, SF




A viable option ... extend ourselves!

[Wired Magazine, January 2014]




Any object or tool

that moves in concert with human,
and enhances functionality and/or knowledge

Includes: mobiles, watches, bangles, rings, patches,
tools, bicycles, cars, exoskeletons, implants, ...




The multiple roles of wearables

Extrospection




Brain-Machine Interfaces - A Prime Target

#J Cunference enﬂ Expn 2015




Breaking New Grounds

Basic tenet: Depression, anxiety,
PTSD, chronic pain, addiction

UNLEARNING and can be unlearned

Systems Dysfunction in
Neuropsychiatric Disorders

{2753 SUBNETS

Distortions across many domains of
behavior - requires system level solution

DARPA funded-project under Brain Initiative

Partners: UCSF, UCB, NYU, USC, LLNL, Cortera Neuro The OMNI Device




How to correctly assess mood?

Moodify:
Quantifiable
symptoms from

self-report ST D) .ﬁ
measures e | N
e |

[Courtesy: E. Chang and Subnets team]
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[Jo De Boeck, IMEC, ISSCC 2011]




The pitfall of wearables




Opportunity hampered by “gadgetry”

Single or restricted function
Limited attention lifetime

Only compatible with devices of same
company

Limited engagement with environmen_‘t

Stovepipes ...




Envision a Human Intranet

An open platform of sensors, processors, actuators, storage and network links
around, on or inside the human body — formfitting, long-term, robust, safe
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BMI as a Most Compelling Driver
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BMI as a Most Compelling Driver

Subnets OMNI Device: Modular, distributed, intelligent, efficient

— High-density cortical and sub-
cortical electrode arrays

— Ultra-low power electronics for
stimulation and recording on up
to 512 channels

— System modularity

— Miniaturized, chronically
implantable

— Closed-loop control
— Power management and delivery

— Telemetry

DARPA SubNets Program




Pushing boundaries of miniaturization,
conformity, wearability and efficiency




Enabler: Miniaturization

transparent ITO HECOG
Brian Pepin / Nathalie Gaudreault
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HUECoG for auditory cortex

Peter Ledochowitsch /
Chang / Maharbiz

Insertion robotics for ultra-compliant
electrodes High Density Flexible Nanotrodes:

yEC9G+BMI Tim Hanson Electrical + Optical
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Enabler: Miniaturization!

Free-floating wireless AP acquisition electrodes
[Biederman, Yeager, VLSI12]

64 channel remotely
- == -ISS=U powered wireless UECOG
Asynchronous 250 nW/ Qs - Beamble i &= 8 [Muller, Le, Ledoschowicz,
channel spike-sorting | Yoy y— e Li]
[Liu, VLSI12] i
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Enabler: Flexible Electronics

Blood oxonometry, EEG, EMG, ECG, heart
rate, thermistors, humidity, stress, ...

Printed oxonometry system
[Courtesy: A. Arias, UCB]

Thin Film nECoG
[Courtesy: M. Maharbiz, UCB]

Thin Film EEG
[Courtesy: J. Rogers, UIUC]




iEsE=l Enabler: Flexible Electronics

RFID-like energy harvester [J. Rogers, UIUC]
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Inductive interrogator [A. Arias, UCB]




The ultimate wearable technology

Skintillates
Conformal, flexible, wearable electronics

[Courtesy JoAnne Loh and Eric Paulos, UCB]




Plenty of Challenges

Energy, connectivity, safety, security, adaptivity




Challenge: Energy sparsity

Organically formed mesh network
routes from sources
to sinks

Dynamically configured based on
needs and availability

Heterogeneous physical links (wired/
wireless, electromagnetic, inductive,
resistive, acoustic, ...)




Moving Forward: Focus on the Network

Body-Area network
skeleton/skin
formed by mesh of hub nodes

Seamless local addition of sensorymotor
nodes by linking to hubs

— pick your favored physical layer
Power and data skeletons partially
merged

= Energy-aware protocols
Hubs could be off-body as well
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OMNI: The Network Challenge

Cable bundle combines
power and data
Digital protocol allows for

N N AN R N
scalability and modilarity

Unpublished material — do not replicate




Challenge: Retain basic or partial
functionality under all circumstances

Implicit baselining and fall-
back modes

Redundancy in network and
compute resources
Adaptivity and
reconfiguration




Robustness in numbers and diversity

100s of channels from diverse sensors and
diverse locations




Challenge: Secure and private

[Harry Potter invisibility Cloak]

“Can I hack your brain?”

Every link to be encrypted

Keys generated from local
observations (channel properties,
JEINEIRES

Creation of virtual cloak using
deliberate self-interference

Adaptivity to avoid spamming




[Courtesy JoAnne Loh]

Jam hostile
communcations
and prevent

overhearing
[Gollakota 2011]

Real and Virtual Cloaks

Encrypted Communication

Programmer




Challenge: Dynamically changing conditions

Combining local information extraction
and decision making with centralized
global learning and optimization

Supporting long-range and global
functions such as feature extraction,
sensor fusion, adaptation and learning




Closing the loop

= Signal conditioning and feature extraction
— Spectral analysis, filtering
- Artifact removal

" Model creation and execution
= (Classification

= Various forms of adaptive control; e.g. Model-Predictive Control
= Machine learning

~ mW at 10 MGFlop-10 GOP/sec




Closing The Loop
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Reducing the Data Deluge

Number of recordable channels limited by
throughput of wireless channel and energy/channel
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[D. Yeager et al, VLSI 14]




Advanced closed-loop systems

0
Neural Network [Courtesy: M. Shanechi, USC]
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Advanced closed-loop systems

Neural Network I: [Courtesy: M. Shanechi, USC]

Activity
Eﬁ Adaptive Network

> State Estimator

Target Healthy .
Network State xlde

Stimulation

Estimated

Step Computation Complexity

Output dimensionality O(T(K%)?) floating point 0109
reduction multiplications
System identification O(AN(K + N)(K + M)M?(K + 0103
(“offline™) N)?) floating point
multiplications

State estimator O(KM) multiplications 0(103®)

Feedback controller O(hM3N?2) multiplications 0(109
(MPC)




Computation - An Alternative Approach

Implantable Low-Power ﬁ?
: . ] Neuro-Inspired HW £
Semi-supervised leaming

= Deep learning successes in machine automation




Computation — An Alternative Approach

BMI: Kalman decoder BMI: SNN decoder

I'rials: 2056-2071 I'rials: 1748-1763




Computation — An Alternative Approach

2 [3D Sensor processor,
[TrueNorth Processor, M. Shulaker, Stanford]
S. Modha, IBM]

= Computation at low SNR
= Massively parallel and redundant operation
" Programming models that scale horizontally and vertically




= Redefining information technology - Stretching
bounds in energy scaling, miniaturization, and
wireless distributed system design.

Will challenge society and
humanity in many
unforeseeable ways — the
conversation starts
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