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Full Duplex Radios



“It is generally not possible for radios to receive and
transmit on the same frequency band because of the
interference that results.”

Why Aren’t Radios Today Full Duplex?

Radio 1 Radio 2
= ‘ -
RX TX

iger




With self-interference cancellation, radios can
transmit and receive on the same channel!

Radio 1 Radio 2




Applications of full duplex radios:

Q
 TX/RX on same time same channel — =
o WiFi AP \
— Double Spectral Efficiency! \ ol
* Extend range with full duplex relays

. WiFi Backscate ))(Q

* Better MAC: CSMA/CD in wireless

* Motion tracking & imaging in WiFi - Ap)><<

e Security: Friendly Jamming Motion tracking &

Imaging




Cancellation Performance
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Full duplex radios: MIMO
How is the MIMO full duplex problem different?

3 Antenna Full Duplex MIMO Radio

Want:

 Cancellation complexity scales linearly with M (number of antennas).

« Cancellation residue is the same as the SISO full duplex, i.e. it does not
degrade with increasing number of antennas.



From Impossibility to Practice

First attempt at building self-
interference cancellation

Fully Functional Full Duplex
Radios Prototype

Successful field Trials with Tier
1 networks worldwide

(Mobicom’11) (Sigcomm’13)
2013 2015
) - - - - - - 4
2012 2014 2016

Near-band cancellation Full Duplex MIMO Radios

(Sigcomm’12) Prototype (NSDI'14) Deployed in the networks
Kumu Networks Co-founded Product at Kumu Networks
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Intelligent Reflecting Surface (IRS)



Today: Wireless Networks Adapt to Environment

Wireless Signal Strength depends on the way the
signal propagates in. the environment & it changes
quickly and is unpredictable.

* |f Signal is Bad
- Reduce data rate

* |f Signal is Good
- Increase data rate



New Approach: IRS (Intelligent Reconfigurable Surface)

Programmable Radio Surfaces
Change the way the wireless signal propagates

Phase shifter

Wall




Transmitter

1 Antenna

Goal: Maximize signal
strength at receiver

@ Receiver



Transmitter

4 Antennas

Receiver



\ansmitter

9 Antennas

Receiver



‘m " |25 Antennas

Receiver



ansmitter | ...

~ 100 Antennas

Receiver



Transmitter

1024 Antennas

Receiver




Transmitter

3136 Antennas

Receiver




1
Antenna

100 Antennas 3136 Antennas

Beamforming ability is a function of the
number of wavelengths the device spans




RFocus: An inexpensive “wallpaper” full of

N
antennas =———nre
< 3200 antennas 2
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: @ On-Reflective

§ ‘ Off - Transparent

Passive: Does not emit any power

Only controls how it reflects radio ‘

(like an RFID tag) @
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Medical Implants



Datacenters




In-body Networks

Datacenters




Traditional Wireless Implants

Deep Brain |
Neurostimulators |

-. . Cochlear Implants

Cardiac Defibrillators/
Pacemakers

Gastric |
Stimulators

Insulin Pumps

Foot Drop
Implants



Medicine is Changing...

Proton Beam

Capsule Endoscopy Cancer Radiation Therapy



Medicine is Changing...

Proton Beam

Capsule Endoscopy Cancer Radiation Therapy

In-body devices need communication and localization

Small medical implants



Backscatter




Problem: Signal is Reflected off the Skin




Problem: Signal Attenuates Exponentially In-
Boay (((I)))




Problem: Signal Attenuates Exponentially In-
Boay (((I)))

Challenge: Reflection from the skin is 100 million to
1 billion times stronger than the target signal



Key Challenge:

Wireless signals die exponentially in the human body







Micro and Nano Bio Implants

Microrobots for drug delivery
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Micro Brain Implants
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Bio-MEMS
Lab-On-Chip for

In body Diagnosis
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Micro-Implants
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Micro and Nano Bio Implants

Traditional implants use wireless

* Large form factor for nano and micro implants

* Requires powerful external device

* Cannot network implants inside the body



Molecular Communication

Glands release hormones
into the blood stream

Target cell
Neurons release /® )
neurotransmitters

to communicate

&

ecreting cell

Blood vessel

36



Encode bits by releasing molecules into the blood
stream







Underwater Communication



Applications of Ocean loT

What percentage of the ocean has never been observed or explored?
More than 80% (NOAA, 2018)

Marine Life Discovery Aquaculture

A
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How is underwater loT different than in-air loT?

PA 2 -

Can t use radlo (W|F| bluetooth“)

e - -
2 C—— o "

- Can’t use GPS (radlo S|gnalsf

- Power Is scarce _
. Direct underwater-to-air Comms
remains challenging !

B



Problem: Battery life of underwater sensors is extremely

limited

Low-power underwater transmitters consume 100s of Watts
(e.g., WHOI low-power micro-modem 2019)

State-of-the-art sensors for tracking marine animals only last
for few hours or days

[Animal Biotelemetry’15, Scientific Reports’17]



Key ldea: Using Acoustic backscatter

.
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Toward Ocean-Scale Battery-free Networks & Localization

Code + Schematics

+ Tutorials:
https://github.com/saadafzal
24/Underwater-Backscatter




Acoustics
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Inaudible Acoustics

Normal Sound
(< 24 kHz)

Ultrasound
(> 25 kHz)

This project
(> 25 kHz)

n the garage doo

i '1 mm)mmmmmmms




Inaudible Acoustics

Human speaker

/

Alexa (Amazon Echo)




Wireless network of smart loT
devices in homes & workplaces
for noise cancellation
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A wireless |1oT network for noise cancellation

ereless

loT Mics
"} u A wireless loT network of

microphones for
.y/ 3 ﬁ
)

multi-source noise cancellation
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Wireless Charging



Wireless Charging

Today: zero distance &

highly sensitive to orientation




MagMIMO

\




Why not increase the transmit coil size?

Magnetic Flux Density
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Wireless Human Sensing



Input signal

Wireless reflection of the human body

)

Reflection
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-motion Model

o Standard 2D emotion model

« Classity into anger, sadness, pleasure and

High Excitement
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Wireless Sensing Sleep Stages
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Dynamic human meshes from RF Body shapes from RF




Wireless Food & Material Sensing



Can we sense food and liquids in closed containers?

Is it safe?
Is it authentic?
Has it expired?




Applications
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China’s Top Food Quality Official Resigns

US Elections 2020 World Environment Soccer US Politics Business Tech Science More

The Observer Wine

The great wine fraud

Rudy Kurniawan amassed a vast fortune trading in rare wines.
Trouble is, he was bottling them himself. Ed Cumming reports
on avintage swindle

Ed Cumming
Sat 10 Sep 2016 19.05 EDT

A baby suffering from kidney stones after drinking tainted formula was treated Monday at a World

hospital in Chengdu, China. China Photos, via Getty Images .
Fake drugs kill people and fund terror.
SHANGHALI — The chief of China’s food and product quality agency was African leadeI'S hOpe tO dO SOmething about

forced to resign Monday in a growing scandal over the country’s tainted it
milk supply, which has already sickened more than 50,000 infants and *
killed at least three children, according to the state-run Xinhua news agency.
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Water Contamination

~ - e . N

' City gangs fill and sell branded waterjars
with unsafe water to Delhiites

Chayyanika Nigam ¥
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Wireless Sensing Liquids
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Wireless Sensing Liquids
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ireless Sensing Liquids
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LiqulD: Wireless Sensing Liquids
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Wireless Sensing Liquids
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Existing Solutions
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. : . 1 - : I -
Existing Solutions Dipping a Probe: Invasive

Chemical Analysis: Destructive

Expensive ($50k +) and Bulky: Inconvenient




v Identify liquids without touching it: Non-invasive

v Using low power, wireless signals: Non-destructive

v Small and cheap: IoT




Material sensing opens up many applications!

Robotic Grasping

80



Material sensing with wireless signals

Inside gLuminum Painted steel

81



Wireless Imaging



Wireless Imaging

3D Radar Shape Imaging Inside Boxes
Reconstruction




Wireless Imaging

Point Cloud Map

Radar SLAM

Around the Corner
Imaging




