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Battery free Wireless sensing 

Gastag [Mobicom ’25]: Sensing gas 
concentration

RFEgg [Mobicom ’25]: Egg incubation 
sensing

Figure Input sensing [Sensys ’20] Soil Moisture sensing [MobiSys ’20]

WiForce[NSDI ’22]: Tracking and 
measuring force

RTSense [SenSys ’20] : 
Temperature sensing



Battery-free Communication: Backscatter 
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Backscatter-based Sensing
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Backscatter-based Sensing
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Backscatter-based Sensing
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Challenges of Backscatter-based Sensing:
Interference
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Challenges of Backscatter-based Sensing:
Interference
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Challenges of Backscatter-based Sensing:
Interference
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Challenges of Backscatter-based Sensing:
Interference
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Challenges of Backscatter-based Sensing: Interference
à Existing Solutions : Reference tag
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Backscatter-based Sensing Backscattered 
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Measure the signal difference

• Mutual coupling changes the
signal and thus signal difference

• Mutual coupling varies with tag
motion, placement and channel
dynamics



Challenges of Backscatter-based Sensing : Interference
à Existing Solutions: Power divider
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Challenges of Backscatter-based Sensing : Interference
à Existing Solutions : Power divider
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Challenges of Backscatter-based Sensing:Interference
à Existing Solutions : Machine learning based

14

Backscatter-based Sensing Backscattered 
signal 𝑺𝒃

Sensing Target
Finger locationInexplicit 

AssumptionDetermines

Backscattered 
signal 𝑺𝒃

Sensing Target

Finger location



Communication Process Sensing Process

Paradigm-Shift: Impedance-based Sensing
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Communication Process Sensing Process

Paradigm-Shift: Impedance-based Sensing
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Paradigm-Shift: Impedance-based Sensing

17

Communication Process Sensing Process
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How can we accurately measure the impedance of 
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Impedance Matching
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Antena Impedance Varies with Sensing 
Targets
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Dynamic Impedance Matching
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Dynamic Impedance Matching
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Dynamic Impedance Matching : OhmScanner
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Comparing with Existing Application

23

Tracking finger location Liquid Sensing

T
h
e 
p
i
c
t
u
r
e 
c
a
n
't 
b
e 
d
i
s
p
l
a
y
e
d
.

Keyboard



New Applications

28

Liquid Concentration Sensing UV-Light Sensing

Pressure Sensing Temperature Sensing



New APP: Liquid Concentration Sensing
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Liquid probe

Bovine bone protein solutionInterdigitated Structure



New APP: Liquid Concentration Sensing
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New APP: UV-Light Sensing
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New APP: UV-Light Sensing
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Backscatter
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New APP: UV-Light Sensing
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New APP: Pressure Sensing
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New APP: Pressure Sensing
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New APP: Temperature Sensing
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New APP: Temperature Sensing
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Q & A
From Signal-based to Impedance-based Sensing: A 

Paradigm Shift for Plug-and-play, Mobile, and 
Sensitive Battery-free Sensing


