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Forces are all around and within us!

Even static objects exert weight  Interaction forces as we move Forces within us (in-vivo)
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How do we sense these forces today? Problem of Batteries and Wires
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ForceSticker contribution summary: From Sticker Fabrication to Force testbeds

« Solve for wires/battery-hassle in force sensors
Introduce a new class of sticker-like wireless force sensors
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ForceSticker contribution summary: From Sticker Fabrication to Force testbeds

« Solve for wires/battery-hassle in force sensors
Introduce a new class of sticker-like wireless force sensors Spiral
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* How do we create these force-stickers?

Amalgamation of capacitive force sensors and RFIDs
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RFID IC
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ForceSticker contribution summary: From Sticker Fabrication to Force testbeds

« Solve for wires/battery-hassle in force sensors
Introduce a new class of sticker-like wireless force sensors
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« How do we create these force-stickers?
Amalgamation of capacitive force sensors and RFIDs

Assorted protection for everyday cuts & scrapes

|
’ ¢ QUILT-AID™ Comfort Pad designed to cushion painful
wounds while you heal

« Enable diverse applications via different sticker-flavors | Ubiquitous Medical | i
Stickers configurable to meet different size and force ranges | Sticker — Sticker

Weightof package
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ForceSticker contribution summary: From Sticker Fabrication to Force testbeds

Reader

4 Anienna

« Solve for wires/battery-hassle in force sensors
Introduce a new class of sticker-like wireless force sensors

« How do we create these force-stickers?
Amalgamation of capacitive force sensors and RFIDs

 Enable diverse applications via different sticker-flavors
Stickers configurable to meet different size and force ranges

* Research platform and case-study explorations ID: Boxt
Force sensor test-bed, knee-implant, warehouse case- , Yy e
studies
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Two ingredients of the Forcestickers recipe: Capacitors and RFIDs!
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RFID Amplitude domain is dumb, but we can still use phase domain to communicate!

RFID Reader

Amplitude Phase
Tag abc Read: 1 Phase: 110°
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Can the mm-scale capacitor provide the required phase changes?

“Capacitive” sensors

Force F

Deformation d cicates ¢ phase shift
¢ = 2tan™1(1/50wC (Fay)) — 2tan™1(1/50wC))

Past phase change sensors

WiForce, NSDI'21, Teng at al, SoR0’19
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We optimize capacitance to maximize 900 MHz phase by leveraging non-linearity. More in poster/paper
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s Phase change vs L at 900 MHz

mmmmm Capacitance phase change vs d at 900 MHz

Phase changes (degrees)
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Sensor Fabrication, Simulation Framework and Testing Setups

Multiphysics comsol simulation framework
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Sensor Fabrication, Simulation Framework and Testing Setups

0-6 N

Multiphysics comsol simulation framework

Utilizing different polymers for different force ranges 0.4 mm

4 mm
2 mm
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Sensor Fabrication, Simulation Framework and Testing Setups

Reader

A/ Antenna

Multiphysics comsol simulation framework
Utilizing different polymers for different force ranges

Cyclic testing setup to measure wireless phase change

7 5 : : —~ | |
-0l et
2 Wireless Expmt: 3 o 0 =0~ Wireless Expmt: 2 |
g0 ) m m mWired Experiment ) X Wireless Expmt: 3
= . 3 G-)E \ =nmn Wired Experiment
D i A% flax 28 % |
g f-[wEcoflex 82 1%  Neoprene
s . o7 e T
o = i o N,
>5.10 | e o 5-15
5 & gy 08 O_AONS:
s o )
uH3 > O-6N ‘—'E'Zog U-=UIN " ;
A §-15 < ‘ : A @
e 0 2 4 $ 0 10 20 30 40 50
= Ground truth Force (N) = Force (N)

UCSan Diego

JACOBS SCHOOL OF ENGINEERING
Electrical and Computer Engineering



Sensor Fabrication, Simulation Framework and Testing Setups

Multiphysics comsol simulation framework
Utilizing different polymers for different force ranges
Cyclic testing setup to measure wireless phase change

Two flavors of ForceStickers: Ubiquitous and Medical

Ubiquitous Medical
Sticker Sticker
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Sensor Fabrication, Simulation Framework and Testing Setups

Sensor with RFID

ID: Box1
Weight: 10Kg

Multiphysics comsol simulation framework o
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Utilizing different polymers for different force ranges

Cyclic testing setup to measure wireless phase change

Two flavors of ForceStickers: Ubiquitous and Medical ot P

Warehouse case-study with ubiquitous stickers ' E
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Sensor Fabrication, Simulation Framework and Testing Setups

Multiphysics comsol simulation framework
Utilizing different polymers for different force ranges

Cyclic testing setup to measure wireless phase change
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Two flavors of ForceStickers: Ubiquitous and Medical
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Warehouse case-study with ubiquitous stickers
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Knee-implant, surgical robot case-study with medical
stickers
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We can stick force-sticker to any simple object and start measuring forces!

2X speed
ForceSticker couples deformable capacitors to

RFID tags, which allow measuring forces by
estimating capacitance induced analog phase
changes in the RFID’s wireless channel

Zoomed-in image of
the sensor with the
tungsten filament

Interfacing the sensor to RFID IC via two
tungsten wire filaments (shown in red)
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ID: Box1
Weight: 10Kg

May the Force

Ubiquitous Medlcal p
Sticker Sticker
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Thank you. Questions?

Email: agg003@ucsd.edu
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