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Motivation

Present 10“Things” Near future l0“Things”
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Motivation

/ Deeper coverage
To reach challenging locations

Lower energy Stronger security
10+ years of battery life > e.g. Health /government/ financial trusted

Higher reliability
<1 out of 100 million packets lost
Lower complexity
10s of bits per second

\ W HAlaher-reliability
Lower latency
Higher density T control As low as 1 millisecond

1 million nodes per km

Enhanced capacity
10 Thps per km

Frequent user mobility
Or no mobility at all

Enhanced data rates Better awareness
Multi-Gigabits per second Discovery and optimization
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Annual Battery Consumption

Motivation Energy waste in loT 14000
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One battery per lIoT device and replaced every 2" year

Annual Energy Consumption [TWh]
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Motivation Energy waste in loT

Batteries take hundreds of years to decompose,
posing a serious threat to the public health and
to the environment.
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Market Solutions rower Consumption 60
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Material Alkaline LiMn02* Lithium Lithium

VoItage 3V 3V 3V 3V 0 50 100 150 200 250 300 350
Transactions per day

Capacity 500 mAh 225 mAh 1500 mAh 800 mAh
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"Guilty as charged."
L)
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Energy harvesting sources

Comparison of Power Density of Energy Harvesting Methods

Energy Source R Deamiy & Source of Information

Acoustic Noise 0003 WW/cm3 @ 750b | (Rabaey, Ammer, Da Silva Jr, Patel, & Roundy, 2000)
096 pPWiem3 @ 1000b

Temperature Variation 10 uWiem3 ‘ (Roundy, Steingant, Fréchette Wright, Rabaey, 2004)

Ambient RF 1 uWiem2 (Yeatman, 2004)

Ambient Light 100  mWicm2 (direct sun) | Not Cited
100 _Wicm2 (illuminated office) |

Themoelectric 0 wem2 | (Stevens, 1999) a

Vibration 4 _Wicm3 (human motion - Hz) | (Mitcheson, Green, Yeatman, & Holmes, 2004)

(micro generator) 800 _Wicm3 (machines - kHz) |

Vibrations (Piezoelectric) | 200 pWiem3 | (Roundy, Wright, & Pister, 2002)

Airflow 1 pWiem2 | (Holmes, 2004)

Push Buttons 5 _JN | (Paradiso & Feldmeier, 2001)

Shoe Inserts 330 PWiem2 | (Shenck & Paradiso, 2001)

Hand Generators 0 Wkg | (Stamer & Paradiso, 2004)

Heel Strike 7 Wiem2 | (Vaglioglu, 2002) (Shenck & Paradiso, 2001)

Light energy Electromagnetic energy | |Thermal energy Kinetic energy
Joneee Y,
A.d..
o
Piezoelectric,
Photovoltaic, RF energy Thermoelectric, Eleatiomagnati
. X Triboelectric,
etc. harvgsﬂng, etc. PyroeleCtan etc. Electrostatic, etc.
Radio and TV GsM/Cellul
eluiar
broadcast
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The Solution
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Passive

LoRa - 60 mW to 400 mW Bluetooth — 5 mW to 90 mW WiFi—-50mWto1W

Wireless Power
Transmission

 Remove the need of power for transmit / receive!

* Eliminate batteries!
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SWIPT

Simultaneous Wireless Information and Power Transfer

Backscatter
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Our Solution = SWIPT backscatter
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Passive Sensors
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Backscatter Battery-less Paradigm
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Towards the FUTURE!!

Increase frequency and

decrease size

kbit/s SN\
Passive Sensors | '

2015 2016 018 2019
Total size = 0.92 mm?
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Backscatter ambient backscatter

Cell tower

ambient

Backscatter
receiver

(a) Cellular comunication networks.

Wi-Fi router

| Backscatter

r receiver

ambient
backscatter tag

Music FM Stations
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Low Cost SDR Reader . - 2° =
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Spyridon N Daskalakis et all, “Spectrally Efficient 4-PAM Ambient FM Backscattering for Wireless
Sensing and RFID Applications”, to be presents in the next IMS2018 in Philadelphia

(B WirFirambient signals:

Q‘; radu:tms
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mmWave low power connectivity — Applications & Investors

RF

Powy,
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Extremely connectivity solution which can be embedded in every object
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Thank you very much for your attention

' wpt.leee.org g
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