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NYU WIRELESS: Mission and Expertise

Leadingacademic center in wireless communications
25 faculty, postocs, research engineers
60 students
15 industrial affiliates
Largest research center in NYU Tandon
Our mission:
Create future leaders
FundamentatesearchLead the way to the next generatior
Solveproblemsfor industy
Current in force funding
Over $10 Million/annually from NSF, NIH, and Corporate sponsors
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Theory to Practice

NYU WIRELESS: Technologies and students that impact the real world!
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oHow wireless interacts with upper layer protocols and applications
oHow wireless works in the real world!

NYU WIRELESS tools are widshd in industry and academia
oNYUSIM Statistical Channel Model
-Channel Sounders, Propagation Data, software, chips
oNs3 network simulator
oWidespread industry and academic usever 80,000 NYUSIM users

NYU WIRELESS has leading roles in two largest

nationwide testbed programs
oNSF PAWR: COSMOS: L-aogdecity widetestbed in NYC
SRC/DARPA: JUMP: Mulhiversity center on THz
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NYU WIRELESS Research Thrusts
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Tom Marzettd An Introduction

A Born 1951, Washington, D.C.
A Licensed radio amateur, WN(A)3BQK, 1964
A Gonzaga College High School, Washington, D.C., 19888
A Working career
A Petroleum exploration (Schlumberg@oll Research, 1978987)
A Defense (Nichols Research, 198395)
A Telecommunications (Bell Labs [AT&T, Lucent Technologies, Alcatatent, Nokia], 1995017)
ANYU, 2017present
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Wireless Power Transfer

AVhy go after it? Not because itobs easy,
Ancalculable potential paygffs; what if we could wirelessly power:

Adrones?

Aoperating room instruments and devices?
Afactory robots?

AWedre still far from real i zing this pr

AThere is no known physical principle standing in the way
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Cl assi cal Beamforming | snot t

ATransmitted power R (watts)
P
APower density thz -1 Az (watts/metef
4pR%> PR
AReceived power p =A% (yats)
/°R?
R _ AtAr )
ATransfer efficiency 7= AA °R

AR=100m, % -01n___
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Circuit Theory of Wireless Power Transfer

M.T. Ivrlac and JA.Nossek A Toward a circui t {HEEEToany Cirouitsando mmu ni c @
SystemsJuly 2010

M.N. Abdallah, T.K. Sarkar, M. Salazar-Pal ma, A Maxi mum power ¢t ItEBEhsf er ve
Antennas and Propagation Society International Symposiu2016

T. L. Mar zetlt mecfiSupeantenna arrays: FuWwnoddBnent al s ar
Asilomar Conference on Signals, Systems, and Comput2049
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Any System oh Transmit/Receive Antennas is aiiPort Network

< A

APorted device . fompor| VI(W)=2(Wi( ¥

_ _ Linear Passive

ALinear timeinvariant system ofi ported devices completely describ Time-Invariant

by ns n complewalued impedance matrig (w) Networks
Vm(W) = & zgy( Wiy ( W v( Ww=Z( i)

=1
A reciprocity Zov = 2 ZT =4 un¢onjugatedranspose)

A real powerissipation is nomegative
i"Re(z}i2 0,7 I

Dante C. Youla
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https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F8%2F83%2FOne_Port_Circuit.svg%2F200px-One_Port_Circuit.svg.png&imgrefurl=https%3A%2F%2Fen.wikibooks.org%2Fwiki%2FCircuit_Theory%2FTwo_Port_Networks&docid=XQq3aQTunaJyLM&tbnid=sCVEK55nBvltkM%3A&vet=10ahUKEwiyt8LVmLfjAhUB01kKHfRqBFwQMwhtKBUwFQ..i&w=200&h=175&bih=883&biw=1500&q=Network%20theory%3A%20port&ved=0ahUKEwiyt8LVmLfjAhUB01kKHfRqBFwQMwhtKBUwFQ&iact=mrc&uact=8

How to Draw Maximum Power From a Voltage Source

A Classical solutionoptimize the loadimpedane I
2 _. + % o+
:R * — |VS| ZL T =7 7 R
H IV > 5 41 =48 1 & L| YL
(Z+2)" tz &) i - | -
H_ :@
4z
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A Classical solutionoptimize the loadimpedane I

g —"l +

_ K _ |Vs|22i_ . . *
=Rqgi -4 i =¢- 4 i & 4 | VL
1 e{LVL} (aaf {3 AF i1 - [ -

2
= sl
4z

al

A Alternative solution techniqueptimize the loadcurrenti a useful trick!
* : * 2. Ve
H_:Re{'L(\é "LZs)} i‘536{'|_Vs} ic["z i o

2

_ I

A =G

Only 50% efficient!
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Power Transfer Between Two Arrays

i \C AV eZ Z g
VM,iM Tx g R | VNI g M ﬂ MM MN Me
NE—t! eVN U@ZMN Z NN u'l‘g
A | Basic suictu@of a MIMO slistem ) | H | H | |
Transmit powerPr = alR Tmvrmp “REIW M REM[Z MM M Z e N
m=

:ik/llil Re{Zmm }im +Rf{i NZ MN N}

*
A Receive powerPR = @ R "RnVRn}
n=1
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Strategies for Choosing Transmit & Receive Currents

-iNRZ Nnfi N 'R‘{i Tz it M}

.H . . H .
iM REZMm fim +R‘{' MZ MN N}
A Greedy strategy (necooperative)
A giventhe transmit current, choose receive current to maximize receive power:

H o * 1T .
R 2iMZMNREZ NN} Z N M

i Ré{ikl/l SREZ M }- 32 MNZ NNZ N ﬂw}
A choosetransmit current to maximize resulting efficiency
A efficiency never exceeds 50%
A Optimum strategy: jointly choose transmit and receiver currents to maximize efficiency
A optimizedtransfer efficiency is the same in both directions

A Power transfer efficiency R =

. 15-15T
- IN= 2ZRNW MN M
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Special Casdavixl

o . P € Z(Zil'zl\}ilz |\'/|%/|7—|v|1) i
A Optimizedefficiency Pri:a N& L af 2+ Ho-1
trans g ZM]_Z i\-/ll\/lzl\/ll

A 100% efficient if (Zil' Z WiZ MZ 1) =3 (perfectly coupled)

10°

—maximized efficiency
1 N T maximized receive power

A Greedy(non-cooperative) strategy Hec —
trans 24

=

efficiency
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SuperDirectivity

S.A. Schelkunoff, ARA mat hemati cal t Bek Systgms Bethnital Jouenall®43 a r

G.J. Foschini and M.J.Gans, AOn | imits of wireless communi
using mul t i Beéllé&ysteamstTechnica Beamprandurdept. 1995
AFor example, consider a transmitting hc

a side, located in outer space roughly aimed at the earth, With a one wavelength diamete
supergainantenna on the earth it is possible to receive virtually all of the power radiated b
horn antenna. o
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SuperDirectivity: Deliberately Create and Exploit Mutual Coupling;
Distinct From SupeResolution

A Supetresolution
APretends that propagating f i edvahescentwavesh t i

A A bandlimited field is analytic: measured field can, in theory, be extrapolated to create a
larger, highetresolution, arraydrolate spheroidal wave functions

A Applicable to synthetic apertures

A Superdirectivity
A Relies on mutual coupling among antennas
ACanoét be used with synthetic apertures
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Example: EneFire Linear Array

(?T

Almpedance matrix

-
N éZ 7 N ' i
g e 000 Q O

eVl géz-l{-/ll Z11 p'e

& 1 sinckd) - sinckd M- 1)) g g 1
e - . . u : 7 - 1kd
> sinckd) 1 . : . kzr ¢ €
Ziam =€ 20 7., =€RE
MM = ¢ s sinckd) o/ M7z ¢
&sinckd(M- 1)) -~ sinckd) 1 3 g id(M )

AObject is to maximize opetircuit receiver voltage, subject to transmit power constraint
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Alf we ignore mutual coupling (maximunatio; timereversal beamforming)

: . . H. . Z\ H ,
Max;, . 1Ziim [ subjecttoffiy ¢y im =R HM1 RF RZMZM1L M
VZMI£M1
ASuperdirective beanrforming

Maxi , [Zfgim F. subject toiZ i m ¢ Po

-1

. _ PhZMvmim1 H 5.1 .

Im = \/: — ‘|VR|2:FbZMlZMMZM]\d 0 M
\/ZMleMZMl ”

ASuperdirectivity increases beamforming gain from to M 2
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M=8: Array Gain Relative to Singlantenna Gain

64 —super-directive |-
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BroadSide Linear Array (Receiver Normal to Array Axis): No
SuperDirectivity; Mutual Coupling Only Makes Things Worse!

Array-GainM
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How to Explain SupeDirectivity?

M-1 m
ALimit current distributiondA 0: i(z)= & jm%
m=0 z

A note: a short dipole is equivalent to a telement supedirective array!
AMathematical interpretation: find a sspace of the real part of the mutual impedance

matrix, having small eigenvalues, that contains at least a portion of the propagation ve
A these modes can be driven by large currents

Alanewave expansion of field
A utilize closelyspaced antennas t(eate supewavenumberk, > k ) plasveaves in
direction of recelvelk + ky :k |<22 O , sotransverse wavenumbers are imaginary
Atransversely, the supwavenumber planwaves are evanescent!
Athey decay exponentially and carry only reactive power transversely
Aexplainswhybroad i de oper ati on -direcivdyn 6t support ¢
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SuperDirective Power Transfer: 1Antenna Array

Ainear array, endire operation, range 5 wavelengths
Aaccount for antenna internal losses:
ohmicresistance/radiatioresistance
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