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WINLAE
Underlying Trade-offs in WPT Systems

O Existing Wireless Energy Systems

- Ambient harvesting: solar, wind, ambient RF
- Near-field: electromagnetic induction

HELICOPTER

- Far-field: directional charger, beamforming (Energy-ball)

O Design goals in wireless power transfer (WPT) systems
- Distance
- Safety
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Traditional Beamforming

Feedback

‘\1' L. 0 A popular solution for WPT
\ Q Clustered transmitters, faraway receiver
Plane wave: Same : : :
each TXs a Optimization based beamformer: MRC, ZF
1 N
3 K181 R & R]-#

Power Distribution

Creating energy beams towards targets,
and increasing energy gain
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Traditional Beamforming for WPT

QO Generating a high energy
beam towards target devices
0 Directionality, increase efficiency
Q Minimizing energy in non-
target directions

cConcerns:

a High energy along the energy
beam path
O Overheating along the beam

a Blocking

O Largely decrease the charging

Energy distribution in a typical traditional efficiency

beamforming WPT system
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Overview of Energy-Ball

a Distributed Transmitters

0 No communication among transmitters

0 Distributed synchronization Phased Array
O Transmitters are not clustered, but
distributed around the receiver (((<|>))) (((<l>))) (((<|>>)) ((((P)) (((<|>)))

Q Distributed Phase Alignment
at the receiver

0 Distributed Beamforming

0 Received signals are constructively
added up at the target receiver

O Intuition: zone plates focusing the light

High energy at the
focus point
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Energy-ball: Closer Look at the Energy Distribution
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A Unique Energy Peak (Hot Spot)

Only one hot spot exists! 3dB energy-ball width: d:x»=0.22A
; Analytical result
v 0.8
2]
S 0.6
[ Key reason for safety:
S04 only the target device
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Energy-Ball Design Goals

Q Align phases among distributed transmitters

QO Adapt phases for mobile receivers

Xiaoran Fan ox5bc@winlab.rutgers.edu




WINLAB [

Align Phases through Feedback Control Loop

0 We choose a closed-loop feedback controlled phase
alignment method

O Random phase searching at the TX end
O Feedback from the RX end

Feedbackl
X1 (:2>

QO
PT;Siteziirrc]:ltehe TX2 @ @ @ @
X3 @

O] @

Iinitialn iteration II iteration I I iteration
1 2 N

Xiaoran Fan ox5bc@winlab.rutgers.edu

Feedback?

G

Aligned

000
000
000
@@@l




WINLAB [

Align Phases through Feedback Control Loop

0 We choose a closed-loop feedback controlled phase

alignment method

O Random phase searching at the TX end
O Feedback from the RX end

- Initial state

RSS

AT NI A |
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Align Phases through Feedback Control Loop

0 We choose a closed-loop feedback controlled phase

alignment method

O Random phase searching at the TX end
O Feedback from the RX end

N=3 random phase adjustments

RSS

First feedback

iteration
1 |
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Align Phases through Feedback Control Loop

0 We choose a closed-loop feedback controlled phase

alignment method

O Random phase searching at the TX end
O Feedback from the RX end

Best in iteration 1

B N=3 random phase adjustments -
RSS J’f' _

= Second feedback .
i iteration iteration .
1 2
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Align Phases through Feedback Control Loop

0 We choose a closed-loop feedback controlled phase

alignment method

O Random phase searching at the TX end
O Feedback from the RX end

Convergence |

RSS

Iterations
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Orbit Testbed
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An Example Distributed Beamforming Realization
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While Receivers are Mobile

PDD: Phase Difference DerivativeS[ —— ggamnz
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Phase Prediction and Beamforming Performance
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PDD estimation using Kalman filter
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Energy-Ball Summary

O Energy-ball focuses energy on the receiver while having low energy
density at other later — safer

O Open access distributed beamforming system

QO Fast phase adjustment algorithm — mobile receiver

Thank you!
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