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**This work proposes a Wireless Power C 5 Vout vs frequency (1000-ohm load) ¢ The proposed WPT system is feasible
Transfer (WPT) technology that would I I . 10 | based on our experimental outcomes and
power a sea of sensor nodes wirelessly the sensor nodes can detect intrusions
over a large area without the need for Rl RL — RL based on changes in the induced voltage
batteries. in the sensor node coils.
® -~ ¢ The parallel resonant configuration was
s Effective coupling range is increased by | . E found to be the optimal configuration for
using a resonantly coupled wireless power (a) Inductive (b) Series-Resonant (¢) Parallel-Resonant 5 sensor nodes.
=

transfer system. -
Y *» Power transfer efficiency was shown to

increase with multiple tightly spaced
sensor nodes.

Fig. 1. Configurations for the Transmit Loop & Receiver Nodes

“*The final goal is to field a WPT system

g:gsgrlse Sofezgﬁoc\i:?g}iaf()xi?:g a sea of . s ¢ Battery-less  operation will  enable
5 2 ' extremely long sensor lifetimes greater
D R D A Buck 0 0-5 1 15 2 than 50 years.
— FWBR —_ Cf Converter Microcontroller Frequency (Hz) «10°
& The sensor nodes would be reliable for | | Fig. 4. Modeling Results for Inductive Coupling using 1k2 load ' DR
ijrl;;})scr)liiesssioriliicr};e ;IS q fe;;?;:t:;;urﬁorder’ ¢ Assess the impact of various transmit loop
> AU PIP 4 Fig. 2. Circuit for the Sensor Nodes 8 — Voutvs frequency configurations.
¢ Future applications could also apply to the Modeled Data KX ot 1
Internet ngThings (IoT) PP ¢ This circuit includes the use of a full wave bridge rectifier, filtering capacitor, [+ Actual Data * Add a Cqmmunlcgtlons capability to
buck converter, and microcontroller. This configuration will convert AC to DC exchange information between sensor
DB and lower the voltage so it can power a low-power microcontroller. Different nodes.

sensing capabilities can be easily added to this configuration. ¢ Incorporate capacitive touch sensing and
other sensing capabilities into the sensor

nodes with the use of a microcontroller.

¢ Determine the most optimal configuration
for efficient wireless power transfer.
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7 2e% ® e Security Perimeter e ® o ® o
. . Ve ® ¢ Test the system at a larger scale (e.g., 10m
’.’Cregte a WPT system that will have a ° s ® x 100m).
lifetime of over 50 years. o
® D D
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“*Demonstrate increased coupling efficiency ¢ .
using tightly spaced sensor nodes with an ° . o 1 - , [1] A. Kurs, A. Karalis, R. Moffatt, J.
overall coupling efficiency of over 50%. Secured Area :® Frequency (Hz) %10 Joannopoulos, P. Fisher, M. Soljacic,
o * Fig. 5. Modeling Results for Parallel-Resonant Coupling for 150€2 load “Wireless Power Transfer via Strongly
“*Provide intrusion detection with high . ® T— Coupled Magnetic Resonances™, Science,
detection rates and low false alarm rates. ° 100 | | | | | Vol 317, Issue 5834, 06 July 2007
Sensor Node 1 % In Flg 6 the currents
ROPOSED APPRO A I B0 - \ smeerfe®2ll in adjacent sensor | [2] E. Johnson, “Resonant Wireless Power
e | ol _ ?Odecslé}l{lSt be mlphase Transfer with Embedded Communication
) : or additive coupling to . .
¢ Test three configurations for the sensor . a® . '. > _ @ o > o 8 o '.' ¢ ol _ oceur Otherwige, gthe for .M(.)re Versatile and Efﬁmept
nodes: T—— T nodes will cancel each Applications”, Masters Thests,
> Inductive Coupling Fig. 3. Security Perimeter with Wireless Sensor Nodes ¢ 7 |  otherout. Massachusetts Institute of Technology,
. . . . . . . g of : D f Electrical Engineeri
» Series-Resonant Coupling % The intended purpose of the WPT system is to enhance physical security by |3 SAPEIIIEL! CiLl SEniledl SISl and
. . . iy . . g | Computer Science, June 2016
> Parallel-Resonant Coupling deploying wireless sensor nodes within the perimeter surrounding a secured |z -2 |
. . . . L
area.bsle.;r_}sort n(c)ldfs,tr.eptrezented as black dots in the image, use their sensing w0l I (m p. C) Acknowledgment
, , capabilities to detect intruders. R - -
“#*Test and model the coupling efficiency D 60 | | 3) This work is based upon work supported by the
the receiver nodes placed inside the Department of Energy National Nuclear Security
?mong.t le P 80 - Administration under Award Number# DE-NA0004016
ransmit 100p. R(Vp*Vs+Zm?) (1) 1s the modeled voltage obtained from —
Vout = 2*Vs*Vz) *1 (1) : the induced current and respective load 1100, - ) e ; o . 1st CREPES
SEvaluate th , biliti ; resistance, shown in Fig 4. frequency (Hz) «10* ) A | Worksh 2022
» F'valuate the sensing abpilities of sensor ] o o . i1s the phase of the nnua orksho
nodes powered by the wireless power R (2) is the modeled voltage for the parallel- Fig. 6. Condition for Additive Coupling Between sensor node current o P
transfer system. Vout = (1" R*C*w) *I  (2) ==y  resonant configuration, shown in Fig. 5 Sensor Nodes shown in Fig. 6 Miami, FL
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