WANTED

Practical, efficient sensor systems to solve
real-world problems

Practical sensor systems are:  Wireless sensing is challenging!
e Accurate e Indoors: multipath, interference
e Accessible and affordable e Outdoors: rugged environments
e Usable and maintainable and limited infrastructure
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Multipath interference, which is common indoors, leads to signal distortion at the receiver.
image courtesy of Cisco Inc.

Saving power with RF backscatter

RF backscatter is the scattering Avantages:
of radiation or particles back e Orders of magnitude power savings

towards the source. Examples: over active radios (WiFi, etc.)

e Radar/lidar e Cheap to implement

e WiFi-based [1] Disadvantages:

e RFID ))) e Low signal strength, limited range

> Modulating backscatter is a form
of passive communication.

The backscatter transmitter emits an excitation signal,
the backscatter tag reflects it and modulates data.

Sensing with RF

RF for communicating pairs In contrast, RF sensing uses phase

sensors w/ wireless comm chip and amplitude of wireless signals

e Wireless camera, e.g. BackCam [2] e Localization (e.g. GPS)

e Environmental sensing, e.g. e Respiration monitoring [4]
Permamote [3] e Soil moisture and EC [5,6]

In RF sensing, backscatter tags are a middle-ground between active
radios and device-free sensing. A simple
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prototype and
Time of Flight (ToF): RF propagation time between
two points. Used to infer range, dielectric permittivity, etc.

cheap to mass
produce.

ntent (by volume)

soil water col

Key idea: pair backscatter tags with UWB radios (e.g. radar)

. radar frame

Target detection is identifying the
target correctly, despite clutter.
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Target identification is the ability to =
label a target correctly when muiltiple

targets are in the environment 50
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Clutter causes the target (located in bin 230)
Combating clutter with modulation: to be effectively invisible.
Simplest modulation toggles tag ant. between max and min impedance.

Varying modulation parameters can help uniquely identify the tag target.
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Range-Doppler plot of FFT’d radar capture. If the
tag is oscillating at a constant rate, we see a bright
peak corresponding to the fundamental frequency.

An oscillating tag has orders of magnitude
gain compared to a non-oscillating target

Measuring soil moisture: RF
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e High accuracy (within 1.4% of
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moisture with high accuracy.
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In situ at Stanford Farm

Results from [5]

Resp'iration rate proof-of-concept

Current and future work

Harnessing the power of dirt

e Microbial fuel cells (MFCs) harvest power from
electrogenic microbes naturally occuring in soill canivr: B
Well-known in civil engineering and biology, but relatively
unstudied in EE and sensing communities.
Our preliminary study suggests it would be possible to Ao
power a revised backscatter tag design with MFCs Hor
Leading a cross-institutional collaboration to deploy 16

fuel cells for long-term study across multiple locations , %

Courtesy of MFC Guy (2010)
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Sensor fusion

e Microbial power output reacts to
conditions like soil moisture, nutrient
levels and temperature.

o Modify backscatter modulation to also

5 convey battery stats

SRR e e o Can we infer more complex properties

(e.g nitrate levels) from combined data?
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Early results showing that our MFC
harvested up to 25uW [7].

Discussion and conclusions

Link Budgets can help other researchers re-use our design with other
equipment or environments.
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Rigid attachment between tags

In some circumstances, relative ToF between two tags may be more useful.
|deas presented here won’t work for all scenarios; networks are too
heterogeneous. Instead, they should be added to our growing toolbox.
Results are promising, but long-term follow-up studies needed for specific
applications (e.g. moisture sensing reliability and scaling).
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