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Ubiquitous sensing - Next wave of loT
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Sensing soil chemical with Biochemical sensors !

Sensors enable ubiquitous sensing and automation.
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Why has ubiquitous sensing not materialized?

Sensor interfaces are bulky and power hungry.
Passive sensing solutions are not robust.

There is no universal sensor interface.
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1. Power-hungry, complex and bulky interfaces
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» Bulky Sensor interfaces!

= Need batteries / energy harvesters.

= Complex circuits to read sensors.
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2. Robustness to multipath
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» Passive analog interfaces skip digitization.

= Signals corrupted by multipath.
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3. No Universal Interface

N

C V » A zoo of sensors to choose from! But. . .

In ce

= Every sensor outputs different voltage / current!!

= Each sensor needs a unique interface!




Current sensor interfaces face steep challenges:

Requirements

Universal Interface

Compact form factor

Robust to multipath




ZenseTag: Core Contributions
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ZenseTag: Compact and Passive, RFID based tags to provide robust,
commercial sensor interface




Can RFID tags enable battery-free sensing?

Read:
Tag AABB . RFID is a ubiquitous radio platform.

| CNCNo) |

’~.,\ RFID tags are passive/flexible and inexpensive.

I'm Tag Tags simply backscatter their digital ID.
AABB
No inherent sensing capability.
)
RFID

Can we use the digital ID of Tags for sensing?
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How to modulate RFID signal with sensor output?

Read:
Tag AABB
+ AZsensor

Z — VS’@TLSOT (f)
senser IS@TLSOT (f)

A Zsensor
s ng‘ 2 g T
b'\’mtl“‘*s | i

v £z ;
| Sy

Zsensor — ZO
I'= YA VA
Zsensor + ZO L TAG

AZSBYLSOT

ZenseTag embeds sensor impedance into the tag digital ID.
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Cut the bulk-- Measure impedance directly at RF?
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ZenseTag profiles sensor impedance directly at RF.
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ZenseTag: Tuning the resonance of sensors
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ZenseTag tunes Sensor Resonance close to RFID band.
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ZenseTag: Core Contributions
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ZenseTag Differential Sensing

ZenseTag uses a single antenna to interface 2 ICs, for robust sensing
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Benchmarks: Resonance-enhanced sensitivity

N
o

I ZenseTag-Soll N

moisture sensor

[CJw/o tuning [} with tuning

=
o1

ol

Measured A (°)
H
(@)

water immersion ! 0 ] ]
Wired Measurement  Wireless Measurement

% 'l';——‘ ‘\

Tuning resonance achieves 7x improvement in sensor phase response at RF
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Benchmarks: Multipath resilience
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ZenseTag: >10x accurate phase estimate, +2dB accurate amplitude estimate
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Evaluations: Sensing soil moisture

Percentage Confusion Matrix for Soil
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ZenseTag achieves >93% classification accuracy for soil moisture
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. Percentage Confusion Matrix for Luminosity
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ZenseTag achieves >85% classification accuracy for light intensity
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Evaluations: Demonstrations

ZenseTag-Soil Moisture Sensor
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ZenseTag-Contact Force Sensor
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