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Annibal and his elephants... < WIPE
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24 centuries ago...
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Leaky-wave antenna design for
analog-signal-processing oriented
devices for WPT, Energy Harvesting,
Smart Cities and loT devices

1- Internet of Things (loT).

2- Travelling-Wave and Leaky-Wave Antenna (LWA).

3- Analog Signal Processing (ASP) by LWA for loT.
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1- Internet of Things (loT).

2- Travelling-Wave and Leaky-Wave (LW) Concepits.

3- Analog Signal Processing (ASP) by LWA for loT.
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Guglielmo Marconi, 1874 —1937

Picture of me and Marconi’s
statue (last Monday)
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Three different mechanisms for WPT:

1- Conduction :
(plasma arcs — conducting
current “breaking” the air)

Tesla coils :

2- Induction :
(reactive near
field coupling)

2.1- Capacitive

2.2- Inductive

- ‘“direct”
coupling

- resonance-
based
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1- Internet of Things.

COSTIC1301
Wireless Power Transmission

Three different mechanisms for WPT: i o PR

NOTE: Actual power baam is net visible
Baam color shown for Hustratien snly

3- Radiation : /Il
(radiative I
coupling)

3.1- Far-field
focusing . REACTIVE NEAR-FIELD COUPLING / RESONANCE

DO NOT CONFUSE'!

« RADIATIVE MICROWAVE TRANSMISSION USING

3.2- Near-field NEAR-FIELD FOCUSING TECHNIQUES

focusing
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1- Internet of Things. 3+ wee
DO NOT CONFUSE ! —

REACTIVE NEAR-FIELDS RADIATIVE FIELDS
(STORED ENERGY) (RADIATED ENERGY)
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radiated fields exists even if the
source disappears...
(we can see stars which do no exist
since they disappeared M years ago)

7/
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1- Internet of Things. 3 we

DO NOT CONFUSE'!

REACTIVE NEAR-FIELDS RADIATIVE FIELDS
(STORED ENERGY) (RADIATED ENERGY)

Radiation Regions

B Reactive Near Field / Rayleigh Region

Reactive components of the EM field are dominating,

strong radial dependency

B Radiating Near Field / Fresnel Region

Still strong reactive components, radiated field is dominating,

strong radial dependency (transition zone) dz
______________________________ P = max
¥ Far Field / Fraunhofer Region ﬂ

E- and H-field components are in phase (Plane Wave)

Effective components of the EM field are dominating (Real Power),

small radial dependency

max. extension of the antenna: dmax
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DO NOT CONFUSE'!

REACTIVE NEAR-FIELDS RADIATIVE FIELDS
(STORED ENERGY) (RADIATED ENERGY)

adiation Regions Example — Large Antenna

0 : AdGIF UNREGISTERED - wwww.qif-animator.com

rf1=200

Antenna
with
d_.. =104

|E| / dB

100
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REACTIVE NEAR-FIELDS
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1- Internet of Things.
DO NOT CONFUSE !
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RADIATIVE FIELDS
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John David Jackson,
Classical Electrodynamics,
3rd edition (Wiley: New York, 1998)
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1- Internet of Thin

JS.

Gain in Wireless Links

Transmission Equation (Friis)

Power balance between transmitting and receiving antenna

Pr(f)

Gpb.f)

Available power at receiving antenna

PR(Faf):PT(f)'GT(ﬁaf)' i 'Gk(ﬁaf)

drr
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1- Wireless Power Transmission. }%’W,ps

My field of expertise is on the efficient EM analysis and design of novel
leaky-wave devices.

| come from Technical University of Cartagena, SE Spain.

| have worked in Alcatel Space Industries, now Thales-Alenia Space,
Madrid.

| have made research stays in many countries, and | collaborate with:
- Heriot-Watt University , Dr. Goussetis and colleagues.

- CSIRO ICT Center, Sydney, Dr. Jay Guo and colleagues.

All my research is focused on leaky-wave devices modelling and
applications, which can be too specialized (Andrea Neto calls me the
leaky-man), but on the other side | am not that intelligent to work on
much more different topics.

| am very devoted to learning and teaching !
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1- Internet of Things (loT).

2- Travelling-Wave and Leaky-Wave (LW) Concepits.

3- Analog Signal Processing (ASP) by LWA for loT.
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2.1- Radiation mechanisms of resonant antenna (i.e, patch / slot antenna)

Resonant Impedance Matching S11

3a_S11 LineaResonanteAnchaRealAdaptada
L \ T
-~
W
2.45 GHz
-10 -10.05 dB
. . . . p &r
e Typical input matching / rad. "
fficien resonance: i
efficiency due to resonance ~oBSIA
f =2 4SGHZ 3_LineaResonanteAnchaRealAdaptada
0 -20
BW=50MHz=2% (311<-10dB) 0.01 1.01 2.01 3.01 4.01 5
Nrap=30% (losses !} resonance) rrequency (G
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2.2- Radiation mechanisms of series-patch / slotted travelling-wave antenna

e The periodic strips / slots are resonant !
e But they are distributely fed by a travelling / propagating wave
instead of a discrete distributed network:

e Phased array (shunt feeding):

Complex
distribution
| feeding
network

rad E field

nant

e Shunt & series
feeding:

e Phased array (series feeding):

Do not confuse
with stepped

width LPF
T

=] D,
s = = i

— l

]
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e Slotted waveguide
TWA (Series feeding):
rad E

field

J—

-
]
i

- -
-

IN

Travelling
wave e If resonant slots > TWA
Travelling-Wave Antenna

$11(dB)

28 s

www.antenna-theory.com
0 -

= Resonant
| Impedance
.« Matching S11

L
6 7 8 9 10
Frequency (GHz)
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Resoiaw — Matched load at the
LWA end to absorb

non-radiated energy

Impedance
Matching S11

0 . .
; : ,..“"m\" :

Non-resonant | _4.__... ";fb"'?"'%- *__:
Impedance - XM opa "-if
Matching S11 | IV \dl N

sobiatt ML
f,=16GHz My
BW=4GHz=25% 0 fpirbe— [+ T2 &ed -
Nrap=90% (N0 R I L

1 -

15 16 17 18 19 20

resonance) 12 freq (GHz)
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2.3- Radiation mechanisms of series-patch / slotted leaky-wave antenna

LWAs fall in the type of travelling-wave antennas
The periodic strips / slots are non resonant !

They are discontinuities which create each one low-efficiency radiation,

but due to the high number of them the total efficiency can be large.
As a result the illuminated length is large
-> long antennas / high directivity / narrow beam

And with a simple single feeding.

Wide input matching bandwith >25 % - with frequency beam scanning
High radiation efficiency / possibility to control the complex aperture

fields = high aperture efficiency / beam shaping

The problem is how to deal with complex leaky modes...
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2.4- Leaky-wave antennas (LWA) and leaky modes (LM)

“Antenna Handbook , Theory, Applications, and Design”
Y. T. Lo, S. W. Lee (Springer, 1988)

Ch.12, pp 805-842:

“The Design of Waveqguide-Fed Slot Arrays”,
By Robert S. Elliot. e

~__| shorted end wall

7% illustration of standing wave
along the line

Chapter 12

The Design
of Waveguide-Fed
Slot Arrays

reflection free
termination

Robert S. Elliott ~ strongly excited elements

University of California at Los Angeles .
__ travelling wave

with decreasing amplitude

/
CONTENTS —— weakly excited elements
1. Introduction 12-3
2. The E-Field Distribution in a Longitudinal Slot 12-6
3. The Three Design Equations for Arrays of Longitudinal Slots 12-10
4. The Design of a Lincar Array of Resonantly Spaced Longitudinal
Slots (Standing-Wave Feed) 12-13
5. The Design of a Linear Array of Nonreasonantly Spaced o
Longitudinal Slots (Traveling-Wave Feed) 1216 reflection free
Case 1. All Slots on the Same Side of the Center Line 12117 - .
Case 2. Slots Alternately Displaced, Bod < x 1218 termination
Case 3. Slots Alternately Displaced, ;0d > 12-18
6. The Design of a Planar Array of Longitudinal Slots 1220
7. The Achieved Apcmne Distribution of Arrays of L i Slots 12-24
8. The Design of Arrays of Centered-Inclined Broad Wall Slots 12-24
9. The Design of Arrays of Inclined Narrow Wall Slots 12-25
10. Difficulties in the Design of Large Arrays 1228
11. Second-Order Effects 12-34

Infinite Ground Plane 12-34

Wall Thickness 12-35

E-Field Distribution in the Slot Aperture 12-35

Internal Higher-Order-Mode Mutual Coupling between

Radiating Slots 12-35

Higher-Order-Mode Coupling in Junctions 12-36
12. Far-Field and Near-Field Diagnostics as Design Tools 12-36
13. References 12-37

1241

periodic pertubation of line.

Radiation direction approx. k cos xg kg = 2%

g
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2.4- Leaky-wave antennas (LWA) and leaky modes (LM)

“Antenna Engineering Handbook”,
R.C. Johnson, Ed., (3rd ed. McGraw-Hill, 1993)
Ch.10, 59pages, “Leaky-wave antennas”,

By A. A. Oliner.

Antenna
Engineering
Handbhook

THIRD EDITION

Richard C. Johnson xditor

Georgia Institute of Technology
Atlanta, Georgia

Henry Jasik  editor of Firs Edition

McGraw-Hill, Inc.

New York St. Louis San Francisco Auckland Bogotd
Caracas Lisbon London Madrid Mexico Milan
Montreal New Delhi Paris SanJuan S3o Paulo
inoanare  Svdney Tokyo Toronto

Prof. Arthur A. Oliner (1921-2013)
In memoriam D.E.P.
Polytechnic Institute of Brooklyn

Chapter 10

fﬁv

WIPE

COSTIC1301

Leaky-Wave

Antennas

Arthur A. Oliner

Polytechnic University

10-1

10-2

10-3

Introduction 10-2
General Principles 10-2
Two Types of Leaky-Wave
Antennas: Uniform and
Periodic 10-4
Relation to Surface-Wave
Antennas and Slot Arrays 10-5

Design Principles for Uniform Leaky-

Wave Antennas 10-7
Beam Direction, Beamwidth, and
Radiation Efficiency 10-7
Scan-Angle Behavior 10-8
Radiation Pattern 10-10
Control of Aperture Distribution
to Reduce Sidelobes 10-10
Design Principles for Periodic Leaky-
Wave Antennas 10-13
Effect of Periodicity on Scan
Behavior 10-13

Special Session on EuMW2014,
October 2014, Rome

Waveguide 10-18

Long Slits in Circular Wave-
guide 10-20

Closely Spaced Holes or Slots in
Rectangular Waveguide 10-20

Array of Closely Spaced Wide
Transverse Strips  10-22

Planar Structures 10-24

10-6 Specific Structures Based on Periodic
Open Waveguides 10-25

Early Structures 10-25
Periodic Dielectric Wave-
guides 10-26
Design Theory for Wide Periodic
Dielectric Antennas 10-28
Design Theory for Narrow Periodic
Dielectric Antennas 10-30
Periodic Leaky-Wave Antennas
Based on Microstrip Line 10-30
Periodic Arrays of Microstrip
~ ° sor Dielectric Resonators
Open Dielectric
uides 10-32
rructures Based on Uniform
veguides 10-33
ructure: Asymmetrical
1 Waveguide
Antenna 10-33



IC1301 —WiPE D)}

§§</W|PE
8?ST 1IC1301

AL

oy}

2.4- Leaky-wave antennas (LWA) and leaky modes (LM)

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. MTT-32, NO. 9, SEPTEMBER 1984

Historical Perspectives on Microwave
Field Theory

A. A. OLINER, FELLOW, IEEE

iga%sgu:.&m;«;aa«-{««‘,t&ﬁ

Scannable
Millimeter Wave
Arrays. Volume 1

MWILEY

ANTENNA -

CONSTANTINE A. BALANIS g /

Lumped-Element
and Leaky-Wave 4 <
Millimeter Waves o MODERN ~

. ANTENNA

@,  HANDBOOK

T

Ny CONSTANTINE A. BALANIS
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Peak Gain (dB)

0
14 14.5 15 15:5 16 16.5 17 17:5 18
Freq (GHz)

10 12 14 16 freq (GHz) 18 20 22 24
/ | Matching / Efficiency
% ' g @ @ Frequency beam
T ol |0 __—=5 0 scanning (dispersion)
2 o O ¢
g A | Fan beam
g 30 Measured |
® O Simulated :
01 14.5 15 15I.5 1I6 16|.5 1I7 17I.5 18
15
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Phased array antenna — phase feed
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Phased array antenna — beam steering
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Convex lens antenna
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Parabolic dish antenna
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Offset Parabolic dish antenna - transmitting
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Offset Parabolic dish antenna - receiving
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Waveguide — wave guiding and leakage
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Phased array antenna

Reflect / transmit arrays

Reflector antennas

'--\i N
)
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2.3- Why can leaky-wave antennas be useful for loT??

Simple structure, integrated single feeding.
Low profile, low cost, PCB compatible with novel materials.

Robust designs, insensible to environment - Non resonant, distributed

(travelling-wave) radiation

Wide input matching bandwith >25 % -> with frequency beam scanning

High radiation efficiency / possibility to control the complex aperture
fields = high aperture efficiency / beam shaping

Near and far-field beaming

Distributed radiation - Space power combining

Frequency scanning & Electronic scanning.

Analog Signal Processing
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1- Internet of Things (loT).

2- Travelling-Wave and Leaky-Wave (LW) Concepits.

3- Analog Signal Processing (ASP) by LWA for loT.
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ANALOG SIGNAL PROCESSING .
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Concepts from optics, acoustics, RADAR...
And also from telecommunications...

polarization

time / range modulation

codes...
frequency

angular space

RN
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1- Modulated SIW antenna.

2- Synthesis Design Examples.

3- Conclusions.
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George Goussetis

A A A-l—l-_g* ﬂT/_\—o{
u [ o
1- Modulated SIW antenna. A g
n : u n =0 Ol
IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 60, NO. 3, MARCH 2012 A&»A L, A we o
L B
Planar Leaky-Wave Antenna With Flexible Control of the : i g i g’" g
Complex Propagation Constant A A : \
. . |0
Alejandro Javier Martinez-Ros, José Luis Gémez-Tornero, and E * | E 3

M : .
z E
{_T £ weut % post )
(a) (b) ©)
Menzel LWA Half-width LWA
[1979] Zelinski [2004]

W - Controls the scanning| | P - Controls the leakage
angle (aperture phase) rate (aperture amplitude)

SIW LWA lateral
Deslandes [2005]

PEC ’ PRS
INPUT PORT
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First higher order mode

1- Modulated SIW antenna. i

Control of the leakage rate on Menzel LWA

,,/,w- 15 mm v,/
,// Sr ‘

M Menzel LWA
[1979]

l.}’-j . PEC posts
(]
@ - Half width e Inductive PRS
. i . ° nductive
Half-width LWA - Easier o forosts  (©)
Zelinski [2004] feeding °
- No qTEM o Inductive
mode : POST to
control the
SIW LWA lateral : intensity of
Deslandes [2005
[ ] () the
i o e ST e induced
equivalent
J.S. Radcliffe, G.A. Thiele, and G.M. Zelinski, "A Microstrip Leaky Wave magnetic
Antenna and Its Properties", Symposium of the Antenna Measurement current

Techniques Association, Oct. 2004

D.Deslandes and K. Wu, “Substrate Integrated Waveguide Leaky-Wave
Antenna: Concept and Design Considerations”, APMC 2005. |
INPUT
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Z-axis

conventional SIW
guided mode

Radiating SIW
leaky mode




IC1301 —WiPE .\,(x\\\'
SIW technolo }%’WWE

COSTIC1301

Prof. Maurizio Bozzi Prof. Hendrik Rogier
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k

=p-Jo

= phase constant
a=leakage rate

a
AR |

Intensity of the
radiation (amplitude)

Direction of the
radiation (phase)
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SYNTHESIS PROCEDURE: relation with Microwave HOLOGRAPHY

Reference input signal Holographic Obje-ctive o-utput
(surface wave) SW: Surface with radiated signal
W= o Electric Response: created by Lw: )
H=Y¥yw® W_«;w8 Your="Hw
(surface-to-leaky transformation)
(g J
Y
4- Holographic antenna P(z)
modulated dimensions W(z)
3- Modulated leaky wave k(z)=p(z) — ja(z)
2- Radiating aperture fields EAPERT () = M(z) - /9?)

1- Objective radiation pattern Erip(6) @
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LEAKY-MODE COMPLEX
PROPAGATION CONSTANT
DISPERSION CURVES

1- Modulated SIW antenna.

?’%wws
COSTIC1301

APPROXIMATION OF
LOCAL PERIODICITY AND
SMOOTH VARIATIONS

Two design parameters to freely control 6,,, and a/k, (A6)

Y 45C
R d
,—ﬂ:“'
60° -l = [
s P G
< - =0.
T P e =2.08
30° P RS ' u
o7 oo d=0.17mm
” o P0=O.3mm
- 0’/
oo'ﬂ' l.lllil‘-‘. F
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
0.01
R\
“ ‘ — P=5mm
» \
A \ llllll P=6mm
> 0.005 v\ == = P=7mm
. N\
s, N\
0.‘ ’\\
s ", ~N
"l.-‘.n
0 SRS
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
W(mm)

90°,
60°
2 [—— R -___—ll_ll—‘l_--l-_--—--
B v irbrivirr P T
30°hamssnnans
00 - b
0.3 035 04 045 0.5 055 06 065 0.7 075 0.
0.01 ; ; ; i i i .
Freq=94GHz — \V/=1.25mm —
h=0.1mm | | . ...a W=1.3mm /
£ =2.08 /
005 r = wm \W=1.35mm Py
MY d=0.17mm / .....
Pe=0.3mm | et
/ ‘‘‘‘‘‘ -
--“":— i
L -

ok L
03 035 04 045 0.6 065 0.7 075 0.8
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Efficient synthesis technique for electrically-large line-sources

N

[ EAEERT () = M(2) - €/*®) Fields Radiated at the Holographic Antenna Aperture
[ k ) — ]Oé( ) Leaky-Mode Modulated Complex Propagation Constant
N
[5 = ko sin HRAD( ) - — 8¢(z) Leaky-Mode Modulated Phase Constant
0z )
N
2

_1 iz M ()] Leaky-Mode Modulated

2 % Y|\ M(1)|201 — foz M (7)|207 Leakage Rate )

Proceedings of the 5th European Conference on Antennas and Propagation (EUCAP)

Unusual Tapering of Leaky-Wave Radiators and
Their Applications

Jose-Luis Gomez-Tornero
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Efficient Analysis and Design of Novel SIW .‘Q\\\\_
Leaky-Wave Antenna

Alejandro Javier Martinez-Ros, Student Member; IEEE, José Luis Gomez-Tornero, Member, IEEE, and _ Wl P E
Fernando Quesada-Pereira, Member, IEEE COSTIC1301

a/ka x 1000
Efficient Analysis 8r

1 3 4 5 N
! / /\( oA~
with Transverse 7.9\83,4}400’ B 450’/, L7 ,\ \X\\ 5
o/ / 50 7 55 T e~ X'\.

Equivalent Network

W o W /! 7/
=iXoo =Xy > =IXb —iXp o 7.7} ! / // / /s *
D—-—Dﬂ«:—--—e:)—- — / / / ~\ 70
A Y, :ﬂz , / ; N
0 a XO:H.. RAD 7.6 ;! /I// a \:

’ /1
7.3 4 a@
W @@ NS
: 7.2k % %% N 25
PEC IR Freq=15GHZ N , % s
2 =X
Geometry N W . : S SN 25
design chart 2 25 3 3.5 4 45 5 45 55 40 6
“look-up table” rmm
Modulated Holographic antenna
leaky wave modulated dimensions

k(z) = B(z) — ja(z) P(z) W(z)
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1- Modulated SIW antenna. >

3466 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 61, NO. 7, JULY 2013

Holographic Pattern Synthesis With Modulated

Scheme of holographic Substrate Integrated Waveguide Line-Source
antenna in SIW technology: Leaky-Wave Antennas

Alejandro Javier Martinez-Ros, Student Member, IEEE, José Luis Gémez-Tornero, Member; IEEE, and
George Goussetis, Senior Member;, IEEE

Modulated
radiated LW

aperture field i i
Tapered LW Pencil beam with

linear polarization:

radiating from

_______
-~
\\\\\

Non-radiated

/ / \ \ energy
Microstrip SIWSW  Modulated SIW Tapered LW

SWmode mode holographic circuit propagating in SIW
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1- Modulated SIW antenna. '

WIPE
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Reference input signal Holographic Objective output

(surface wave) SW: Surface with radiated signal
Y= Yw Electric Response: created by LW:

H=%¥y ® ¥, Your="¥Hw

Holographic antenné 97 Guided tb leaky-wave trahsformation

Scalar and Tensor Holographic Artificial Impedance = Spiral Leaky-Wave Antennas Based on Modulated
Surfaces Surface Impedance
Bryan H. Fong, Joseph S. Colburn, Member, IEEE, John J. Ottusch, John L. Visher, and
Daniel F. Sievenpiper, Fellow, I[EEE Gabriele Minatti, Francesco Caminita, Massimiliano Casaletti, and Stefano Maci, Fellow, IEEE

Leaky-wave based interpretation of the radiation from holographic surfaces

Fig. 1. Holographic leaky wave antenna concept. Surface waves (undulating X . (*
l o : M. Nannetti, F. Caminita, S. Maci'”

arrows) are excited on an artificial impedance surface, and are scattered by varia- - INannetts, r. Caminita, 5. vMaci
tions in the surface impedance to produce the desired radiation (straight arrows).
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1- Modulated SIW antenna. %%’W,pe

Critical point: design the modulation of the holographic
surface / metasurface to obtain the desired radiated leaky
fields...

IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS. VOL. 10, 2011 1499

Metasurfing: Addressing Waves on Impenetrable

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION. VOL. 59. NO. 6, JUNE 2011

Metasurfaces

S. Maci, Fellow, IEEE. G. Minatti. M. Casaletti. and Marko Bosiljevac

R R AR
!¢o¢¢¢o¢4ooo¢¢0¢¢00000~

e T A
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A Printed Leaky-Wave Antenna Based on a
Sinusoidally-Modulated Reactance Surface

Amit M. Patel, Student Member, IEEE. and Anthony Grbic, Member, IEEE

1959 IRE TRANSACTIONS ON ANTENNAS AND PROPAGATION S201

Guided Waves on Sinusoidally-Modulated Reactance Surfaces
A. A. OLINER} axp A. HESSEL}
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1- Modulated SIW antenna.

2- Synthesis Design Examples.

3- Conclusions.
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2- Manufactured Erototmes. gafgg’w.pE

Manufactured prototypes @15GHz: Near and far field

Q ECIT-QU E measurement set-up:

Er=2.2
h=0.508mm

5_

— l ' RS

SMA-microstrip-SIW
transition
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2- Manufactured prototypes. < WIPE

) ECIT-QUB

Manufactured prototypes @ 95GHz:

T30BWS5_50
IR TR I Tty g1

TacLam Plus
f=94GHz
Er=2.1
H=0.1mm

Coplanar CWG to SIW transition
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OUTLINE g»?"w.p.;
1- Modulated SIW antenna.

2- Synthesis Design Examples.

2.1- Scanning antenna with reduced SLL
2.2- Shaped beam synthesis.

2.3- Synthesis of radiation nulls.

2.4- Near-field focusing.

2.5- Conformal antennas.

3- Conclusions.
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2.1- Scanning Antenna with Reduced SLL. "¢
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Aperture Distribution (Taper) Function and Far Field
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- A,y ~11.6°
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m cosine
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/\ ‘{\ Adyy =14.3°

B Triangular

' | SLL ~-25dB
:A ‘e /\ Ag,, ~15.3°
Vo D L] e =50%

40

" L
40 20 40 20 0 20 40 80 B0
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2.1- Scanning Antenna with Reduced SLL. -f’w,pe

Objective:

20 —
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-300 /\3300
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/ \ -90
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) 90 - » | +90°

-50dB -40dB -30dB -20dB -10dB 0dB

-120

Scanned antenna with
reduction of SLL

. @
phase-front ~_ : > RAD
N S b

'~ _phase-front

COSINE
TAPER




1IC1301 -WIPE

2.1- Scanning Antenna with Reduced SLL.

- Modulation of

T Mm@
aperture fields °°
0

and Ieaky wave. 0 33.75 675 101.25 135
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aperture fields
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- Modulation
of holographic
antenna
dimensions
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2.1- Scanning Antenna with Reduced SLL.
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2.2- Shaped beam.

Objective:

-30°

- Coherent Anglé 30°
- Broadbeam [10°,50°]

Scanned broadbeam with high "
rejection out from the prescribed
angular region

' Gan(z)

30

20

IEEE TRANSACTIONS ON ANTENNAS ANLC

roadB °
avegl INPUT

Rectilinear Le x
Patterns Usii,,

José Luis Gém’
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°
}%ST 1C1301
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2.2- Shaeed beam. gafgg’w.pE

Holographic modulation OF POINTING FOR
DIVERGING BROAD BEAM SYNTHESIS

Diverging
phase front

Local

Modulation
of equivalent

radiation INPUT

=)

angle

10°
20°
30°
40°
: 50°
— S

—‘m‘“




2.2- Shaeed beam.

- Modulation of
aperture fields
and leaky wave:

- Modulation
of holographic
antenna
dimensions
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2.3- Synthesis of radiation nulls. g%’w,p,;

Objective:
o
-30° |

— No Taper i‘ ------ — :; —— Broadbeam e .......
== Null [-10°,+10°] Vol ¥ 5 — Broadbeam & Nulls :

............

IN
-90° S \ : : \ +90" -90° " 3 : ] +90°
-50dB -40dB -30dB -20dB -10dB 0dB -50dB -40dB -30dB -20dB -10dB 0dB
Generation of radiation nulls Combination of broadbeam
in prescribed angular region and radiation nulls to
to minimize interferences generate ultra-selective

elliptic angular filters

518

FFT Synthesis of Radiation Patterns With Wide Nulls
Using Tapered Leaky-Wave Antennas

José Luis Gomez-Tornero, Member, IEEE, Alejandro Javier Martinez-Ros, and Rafael Verdi-Monedero

IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 9, 2010
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2.3- Synthesis of radiation nulls. gajf’W,PE

COSTIC1301

- Modulation of

‘ Broadbeam & One Null
. M(z)
aperture fields °'5L/\/\/\-~\'v O
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2.3- SKnthesis of radiation nulls. gaff’w,PE

- Modulation of Broadbeam & Two Nulls
aperture fields / M(z)
0.5 Y
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2.3- Synthesis of radiation nulls. %%’W,pe

Holographic design of selective elliptic angular filters

0. : c
From.chebySheV'type — B;oadBeam | b\
to Elliptic-type s BroadBeam 1Null j
angular responses 10| =™ BroadBeam 2Nulls )
Freq.=15GHz
—2 2
oo, h=0.508mm ‘ /
. I f,w
©
30 8 ,‘,_“<“J
Iv“ ’ ()Y
Measured ‘
Increase in the -40 IRANY

spatial filtering
rejection (roll-off)

-50 : - : : - :
-90 -60 -30 0 30 60 90
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2.3- Synthesis of radiation nulls. %%’W.ps

Holographic design of selective elliptic angular filters

-3
dB — Chebyshev L=40}.‘0 / \
10 = ChebyshevL=207.

= Quasi-elliptc L=20%.

From Chebyshev-type
to Elliptic-type
angular responses 20

-90° -60° | -30° 0° +30° +60° +90°
elevation angle 6

Length L S5ho | 102g | 202 | 3072 | 407,

RejectiondB/® | 0.5 | 0.7 1 1.5 24
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2.3- SKntheSIs of radiation nulls. < WIPE

Holographic design of ultra selective ANGULAR BANDPASS filters
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Converging /

Objective: Power focusing Diverain
pattern with ging
| ,‘ -5dB scale pattern with
L Gkan(2) L ' -30dB scale
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' \

| % \

\ . \
X \
\ ' Yo
AY \
~
\ > A

"Bl Focal region 0
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v V V 40 -1.0 |
15|

Focusing of EM energy 30 20
in the radiating near- &£ 25|
field (Fresnel) region 20 a0l
35 |
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Prof. Paolo Nepa
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2.4- Near-field focusing sKnthesis.

Holographic Modulation OF POINTING
FOR CONVERGING - FOCUSING

Converging
phase front

Local
modulation

of equivalent
radiation INPUT

angle =)
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- Modulation of
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and leaky wave: ,
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2.4- Near-field focusing synthesis. 3 wipe

co 101301

) 6
Holographic ﬁdB,
design of leaky
lenses

4
o
<
>
2
Objective
near fields
0
Measured 100
near fields 80
E 60
> 40
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Array of two front-to-front
leaky-wave lenses

2.4- Near-field focusing sKnthesis. gajf’

Single
MLWL

Array of \
two ML WL\

170 2 POWER
DIVIDER
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2.4- Near-field fOCUSin- Array of two front-to-front \|pE

leaky-wave lenses L=16, """
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2.5- Conformal antenna

uoneunIojuo)

Aircrafts and g» '\
vehicles A
telecomm.

Section 1 Section 3

UONRAJIPOIA

Section 1 Section 3

uod pee4

M. R. Hashemi, and T. Itoh, "Dispersion
Engineered Metamaterial-Based Transmission Line
for Conformal Surface Application,” IEEE MTT-S
Int. Microwave Symp. Jun. 2008

IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS. VOL. 10. 2011

Analysis and Design of Conformal Tapered
Leaky-Wave Antennas

José Luis Gémez-Tornero, Member, IEEE
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2.5- C
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-30°

onformal scanning antenna design. }%’WWE

— Nontapered Rectilinear
===+ Nontapered Conformal

-60°

-90°

COSTIC1301

- Scanning angle
is modified
- Loss of

...........
"""""""

i YAET directivity

+90°

-50dB -40dB -30dB -20dB -10dB 0dB
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2.5- Conformal scanning antenna design. g%w,p,;
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Local 6, is varied
from 45° to 15° to
correct the effect of

-30°

— Nontapered Rectilinear |-~ Fre
===+ Nontapered Conformal ’

--= Tapered Conformal | | curvature
-60° ' Tk’" -
‘\\\‘\ :,/ l/,"*
RO | .
F o g I\ - Scanning angle

1068

and directivity
are restored

Analysis and Design of Conformal Tapered
Leaky-Wave Antennas

José Luis Goémez-Tornero, Member, IEEE

- +90°
IB-10dB 0dB
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2.5- Conformal antenna

Non Modulated
Conformal Antenna

Objective: - Scanning angle is
modified

- Loss of directivity
00
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— Nontapered Rectilinear  |--~5 ./
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== Tapered Conformal
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NNt . ' H H +90°
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Correct for curvature to keep
highly-directive scanning radiation
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COSTIC1301
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2.5- Conformal scanning antenna design. g{’
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2.5- Conformal scanning antenna design.

WIPE

COSTI01301

T T T

= Nontapered Rectilinear
==0== Nontapered Conformal
=== Tapered Conformal

15
Freq(GHz)

16 T T T T T
)‘, B L O ] = g= =0 _|L
141 b
12} D o 1
—~ =0 O =G o ]
3 >~ \
£ 1ot \
8 — b
5 8 = Nontapered Rectilinear )
~ ==0== Nontapered Conformal
K === Tapered Conformal
6 -
4 |
2 1 1 i i
12 13 14 15 16 17 18
Freq(GHz)
] 35 H T T T T
\ = Nontapered Rectilinear
30t ==0== Nontapered Conformal | |
\ === Tapered Conformal
J 251
0
Q
[0
o 20
()
k=2
8
@ 151
T
101
5r i
0 Il 1 ] 1 1
12 13 14 15 16 17 18

Freq(GHz)



1IC1301 —WiPE
2.5- Conformal scanning antenna design.

Take into
account both
concave and
convex
geometries...
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—— Conformal Nontapered 0°
- Conformal Tapered :
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2.5- Conformal scanning antenna design.

Conformal antenna with
near-field focus
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2.5- Conformal scanning antenna design.

Rectilinear tapered Conformal tapered
PLWAs PLWAs
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Example: Radial Array of SIW antennas

Extend to 2D holographic-surface SIW antennas to
synthesize 3D holographic microwave patterns

PEC walls_

Radiating //
Y strip edge
: Y,
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I
1
1
1
\ Central point-
\ source feeding

MAGNETIC
CURRENTS
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3- Future: Radial Array of SIW antennas focused in Far Field

E Field[Y_per_m
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Far-field focusing at
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eaky wave beam

ra " Radial Array of SIW antennas focused in Far Field
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)
.‘/\% . Radial Array of SIW antennas focused in Far Field
2aky wave beam [
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6 (degrees)

source

Splitting condition

Coalescensce of
the two beams

leaky wave

beam

6 (degrees)

Single beam
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LA/)\O Oz/k’() = B/k‘o W(mm) P(mm) DE(dB) DA dB)

Radial Array of SIW antennas 3 0.061 6.75 445 9.98 1459
focused in Far Field 4 0.046 6.87 4.10 11.13 15.73
5 0.037 6.95 3.85 11.92 16.85
6 0.031 7.00 3.66 12.67 17.05
75
7 | Oy, o _ w
6.5 °
6L | ==O=W(mm)
=0== P(mm)
é 55 ‘ —
é 5| | Freg=15GHz
= e P
45— [
SIW LWA element Radial Array N=8 . /047/ ] 3,
. ‘ . ‘ - ol
% 10 12 14 16 18 3500 o -
Directivity (dB) 7, 0
0:.5025 0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065

ok, Bk,

s
0 100 200 (mm)

H-plane (9=90") 16
1ot SIW LWA ——Copol-D,| - 141
element Xpol-D, i
O [La=dn, ol
B | |k=0.046 Z
= > 8
2 s
8 3 °f
a 8 4
2_
oy v RADIAL ARRAY |
=90 -60 -30 0 30 60 90 -2
0 (degrees) 90 -60  -30 0 30 60 90

— 0 (degrees)
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Linear Polarization
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3- Future: Radial Array of SIW antennas focused in Far Field

[
0 100 200 (mm)
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3- Future: Radial Array of SIW antennas focused in Near Field

<4 |
~ Focal Region Sinusoidal modulation to excite
B g “a higher-order space harmonic in
é PLZZ backward leaky regime
X ZZ _p> - PEC wall <L>
hAVAVAYS VaAVAVAN o
y
/ V Radiatings/tr:p edge 67'
PEC walls \Sﬁis = | ‘ .
a | 7>
!S\ g Central point- '2’2"“ B
<’: source feeding
Radiating strip edge .\_I
r r / A . 2’“_ ) 8 l 0'.
W(y) = Wn(y) |1+ M (y)sin FU 200 -160 120 80 40 0 40 8 120 160 200
y(mm)
20 -18° 10.04
E
§15 : -23°t 10.03
g 10 —28° 0.02
S 5|
= 1 i i i i -33° 10.01
% 20 40 60 80 100 120 _ag0

y(mm) 0 30 60 90 128
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3- Future: Radial Array of SIW antennas focused in Near Field

150

100

z(mm)

50 LINEAR POLARIZATION

2120 -80  -40 0 40 80 120 E-field polarization
y(mm)

%

CONSTRUCTIVE
INTERFERENCE IN THE
NEAR-FIELD FOCUSED
SPOT z=110mm @15GHz

.i“
£
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Radial Array of SIW antennas focused in Near Field
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3- Future
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3- Future: Radial Array of SIW antennas focused in Near Field
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3' FUture: %%VWHDE

COSTIC1301
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Near-field plane at the focal height 2z = 110 mm for the design
frequency of 15 GHz: a) simulated and b) measured.
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of 15GHz: a) simulated and b) measured.
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Radlatmg Slots
SMA . h=3.175mm ZPRoas—1 35mm gy
connector \ ' =22 Il =2.92mm

&=2. 08}

Fully-2D holographic lens focused in Near Field

Ground Plane

Dcoax=4.00mm
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1-Motivation. Planar microwave lenses.

4- 2D Modulation of Cylindrical LW
5- Synthesis of Near-Field focusing region

Desirable features:
Near-field focusing.
Simple feeding.

Planar low-profile
structure.

Simple printed-slot
circuit.

Direct analysis and
design.

Applications:

~ 3- SW-to-LW (leaky- Imaging/sensing.
wave) transformation

1- Point-source  2- Cylindrical Surface Heating. o
center feeding  Wave (2D SW) - Power transmission.
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1-Motivation. Planar microwave lenses.

2D Modulation of > Modulation of printed-silot
Cylindrical LW dimensions W(¢,p) P(¢,p)

Focal

— region

‘\¢

\Point
Source
Feeding




IC1301 —WiPE
4- Theoretical and Experimental results.

L N T FEEDING PROBE
' i feed=2.8 mm €r=22 ®=1 _35mm h=2.92mm

| COAX @,=1.35mm £=2.08
Rn=0.675mm Rgy+=2.00mm

Coaxial
0 L
S. (dB) _ —CST
11 Measu red 81 1 N CEETE Experiments
-5
-10 ~~
P - . o
' t.”. 'h... :.~.‘..--'u-~. o, .,-" .
_15’\.’-\ "-‘a"‘i :."a (X “;'. v.-"o.oﬂ..m...".»." ; ':“-.:.
\ (4 .% - ':

-20 \/\N\/\/\-\/\ ’
s \/\/\/\'
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4- Theoretical and EerrimentaI results.

Experimental
Near-Field Setup:
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4- Theoretical and EerrimentaI results.

Experimental
Near-Field Setup:
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4- Theoretical and Experimental results.

Measured Near Fields:

e Axial cut (2):

dB

O EX Experiments

0 O Ey Experiments

6 7 8 9 10
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4- Theoretical and Experimental results.

Measured Near Fields:

e Transverse cut (X):

0 — EX CST
5. 0B —E CST
6 N EX Experiments
S Ey Experiments
-10

/1 7
Ll
\
/
-15 1

-20

—

-25
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5- Future lines, conclusions.

1- Design of HLWLs with linear circularly and
vertical polarization (only in the near field)
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5- Future lines, conclusions.

2- Design of HLWAs focused in the far field.

----------------------------- O Ax($,p)=1 Ok($,p)=0 V $=[0,27] V p=[0,R]
TR Tottttttttttttt
F AR(¢:P),’/I\ \0R(¢P) 7 T L L T T T I I
e Lt
7’ ~ I 1
P ///IL;;\\\\ oty p Lo Elden 18 1 B
| W'W&‘,ﬂH
) R Vql—» R
2R,

Ox(p) N 2]

o // %\\\ - o
'3692’/. 1 . 01
TN k() ~ Split-off
AN 5 / condition el
é) 2R =1, /2 R§=3x0 R B(o,9) _sing - 0((,0, @) ~3 TRy
-3.25 -1.75 —O.j;:’n//(;ZS 1.75 3.25 k R k 5 _0.25 0.25 1.75 3.25

0 0 PIA 0

12

/.,
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5- Future lines, conclusions.

2- Design of HLWAs focused in the far field.

. . - Near-field focused LWL 0°
- Far-field focused LWA 4 '

- +90°
-50dB -40dB -30dB -20dB -10dB 0dB

Near-field
converging
= Far-field
diverging

,p)=0 V $=[0,27] V p=[0,R]
t ttd
F=o0 I
[ |
[ I I |
[ I |

-——

o a /\/\/\/\,_. G
R R
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5- Future Iinesi conclusions.

6- Study of frequency shift of focused region.

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 59, NO. 2, FEBRUARY 2011 407

Frequency Steerable Two Dimensional Focusing
Using Rectilinear Leaky-Wave Lenses

José Luis Gomez-Tornero, Member, IEEE, Fernando Quesada-Pereira, Member, IEEE.
Alejandro Alvarez-Melcon, Senior Member, IEEE. George Goussetis, Member, IEEE.
Andrew R. Weily, Member, IEEE, and Y. Jay Guo, Senior Member, IEEE

5.1GHz | 5-36Hz

LEAKY-MODE 5.5GHz

5.9GHz

| 4.9GHz § /
4.8GHz: ? ) 5.7GHz

LLWL=2010 @ 5.5GHz




IC1301 —WiPE
5- Future lines, conclusions.

6- Study of frequency shift of focused region.

plano x=0, Near Field abs(E) [=] db

]
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6- Study of frequency shift of focused region.

14
(&=>8.00 Ghz
"&457:8.50 Ghz
12 ¢E09.00 Ghz -
£ 572950 Ghz
10 LTy 10.0 Ghz |
{57:10.5 Ghz
8
ﬁo --1.5
N
6
4
2
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LWAs FOR loT APPLICATIONS %fg/wws

Applied systems related to some of loT/WPT/RFID concepts:

Prof. Luca Roselli :

Green electronics,
low-power analog passive circuits

- Smart devices / Analog Signal Processing

- Quasi-optic operation / Dispersion engineering
(time, space, frequency).

- Wearable antennas, smart floor, smart skin.

- Dimensions are not such a big problem, electrically large
antennas !

- Distributed antennas, space power combining




1IC1301 -WIPE

§§</W|PE
COSTIC1301

Near-field focused WPT
(common focus)

3 s
Prof. Paolo
Nepa

) 4

The focal point can be frequency-steered to adapt
Prof. Huib Visser to different distance requirements/scenarios

Electronic control on the
focal distance = electronic
control on the WPT range >
without losing beaming
efficiency !!
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Applied systems related to some of WPT/RFID concepts: }%’ WIPE

mmﬁlﬁ-—rggme- _phase-shifter #2
'—ﬁ Yy a -

l: I port |i

Prof. Alessandra Costanzo:

Impressive work on RFID
localization electronic scanning

“Smartification” of the physical
space

“Space sensing”

to antenna #1

Smart RFID readers avoiding
complex expensive high-
consumption DSP-UWB based

--------

ph of the prototype of the 2

ASP

passive
IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 61, NO. 1, JANUARY 2013 ci rcu its 41

DSP active circuits

Remotely Identify and Detect by a Compact Reader
With Mono-Pulse Scanning Capabilities

Massimo Del Prete. Diego Masotti, Member, IEEE. Nicola Arbizzani. and Alessandra Costanzo, Member, IEEE
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What about the bandwidth ?

?’%/wws
COSTIC1301

1

(oo}

16 freq (GHz)

@ : - !
> o O ¢
[0} : 3
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B 30 Measured |
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D
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1 1 I l | 1 I
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Matching / Efficiency
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What about the bandwidth ? < WIPE

COSTIC1301

 Wanted / useful dispersion DISPERSION ENGINEERING
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What about the bandwidth ?

- WIPE

COSTIC1301

Freq(GHz)

« Wanted / useful dispersion —t2d00Hz 61| T f\ Fa\
S — f,=2.45GHz (0_, =44°) / \ ' \
READER a) Usual RFID system with low A0|-| e f,=2.50GHZ (0, =689
directive reader and no sectorization 5 ) j \
g
< 20
8 5 | \
TAG3 / ‘
b) Directive reader with frequency / /
READER . . 35
Gwnlf) AO|  sectorization to locate RFID tags ~ /\ | !
B -60 -30 0 30 60 90
O(degrees)
920 / —
f5: Channel #3 f>: Channel #2 f1: Channel #1 80 o
Sector #3 Sector #2 Sector #1 20 / iia
0 =65.4° |0 < RFID band L]
RAD
J6>f5>fa>f3>f2>f1 | . put 60 /
' — 2 50
o {Scanning Range { Channel
8 40 BW~17MHz | |
[en}
30 | L
L.le_  =8.4°
10+ Orao 1 '“jE[ m [ ][ v ] v
2.3 2.35 2.4 2.45 25 2.55 26
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« Wideband space multiplexer in SIW technology for real-time
high-throughput Analog Signal Processing (ASP)

“Electrical prism”

Quasi-optical operation

............................ 9 RESIDUAL
P W PORT
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+ Wideband space multiplexer in SIW technology for real-time < WIPE
high-throughput Analog Signal Processing (ASP) I COSTIC1301

Frequency-space
dispersion engineering

Analog Signal Processing

L=100mm

RESIDUAL

Wideband 11GHz-18GHz
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What about the bandwidth ?

« Wanted / useful dispersion:

NOVEL QUASI-OPTICAL
MULTIPLEXER
' Increasing -
Poynting[W/n~21 L. frequency in
?oouooooanoococuQooooonoooggoou°°°D°°°°°°°D°°D°°
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Input Matching

Q\\\\_

§§</W|PE
COSTIC1301

Transmission amplitude

d: [-’- POrt#11 = =POM#12 == POrt#13 — — Port#14 == Port#15 — — Port#16
|
- SiM
-3|| mm—mea , ; "\‘
AN MR
I \ 1 1A' 4 3 N
-6 .' ! N, 1 \ "
) [/ 5
] /] 1
ij | ! : ‘\\
-9 a i
TN ‘ :
14 18 ) 0\ 1 #l\ |
Frequency (GHz) 12 ! ! 'l l. |‘ 1
9 10 11 12 . 13 ((134'1_” 15 16 17 18
Travelling-wave eyt
2
nature, no ﬁ ﬁ ﬁ
Averaged Group Dela
resonant effects ! \ J b oeiay
1.5*__Sim
g [T _gmmoo T TTTTIEES
. O 1 -
- Passive @ oG
- Quasi-optical operation o 7’
- Smart device o Transmission group delay
- Spatial power combining 0 o | | | T
9 10 11 12 13 14 15 16 17 18

frequency (GHz)



1IC1301 -WIPE

Q\\\\_

§§</W|PE
COSTIC1301

Passive, low-cost SIW (paper)
- Quasi-optical operation

- Smart device

- Spatial power combining

1 SIW LWA

SIW spatial mux

g

f f1

f3

5
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Empowering Drones

’3‘, - "

1
o "‘_._

WPT RECEIVER

TX ANTENNA DRONE
RADIATION PATTERN —_—

RX ANTENNA
MULTI-BEAM ~,
RADIATION PATTERN

fs

fs

fa
f3

f2 f2

AUTOMATIC

. TRACKING




IC1301 —WiPE @\\-

Drones }%’W,PE

8o = 60.3°
freq = 16.35GHZ [N~ /
— BO° S~
g /
1
g /
CD‘! _ 5 50
300k %rap = >
freq =16.15GHz /
%8 16.1 16.2 16.3 (1) SIW LW Antenna
RGeS (2) Circulator

(3) LW Spatial Multiplexer
- A (4) MW to DC rectifier
7 (5) DC line to batteries

(6) VCO LO

()

PPW substrate

¢

erH *’
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Empowering Drones }%WPE
TABLEI COS]T IM1201

ELECTRICAL PARAMETERS FOR KU-BAND WPT SYSTEM

DC RF _ GTX
Ppx = Pry - Dpx - Mrx " NMuux “Npc | REFREQ.RANGE | PrxRF GTX Dgx
an(®/,) [16.15-1635] GHz | T0KW | 25dB 22 dB
Bz4p0 RANGE MNrx Nmux Nbc
[5°. 60°] 0.8 0.25 0.5

150

(W)

100

PDC

50

10 15 20 25 30 35 40
R (m)
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* REFID localization using electrical prisms and focusing LWA
in corridor-like scenarios (conveyors, corridors, queues...)

v D

nFlb)))x \

RFID)))



1IC1301 -WIPE

Distributed
raiation

Energy
showering :

Near-field
focusing

Energy
evaporation:
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Prof. Alessandra
Costanzo

Response

/_\ Request

Antenna

——
Reader

COSTIC1301
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Stepped Frequency CW '

“Smartification” of the physical space by
space/frequency/time dispersion engineering provided
by high-gain smart antenna focused in the far-field

- WIPE

COSTIC1301

RF signal

couma

SMARTREADER Dbidirectional unidirectional
data power wireless
devices

Prof. D'ominique Schreurs

 Sector#ifi Sector#2f

/ SMART READER

H\ RF/MW TX/RX MODULE

Prof. Smail Tedjini _ \\ :;:ICT:

I=MBARIE T Y --------------
7 IR S

z / [ R

RF signal

, L Sector#1f

* Correspondence (mapping) between frequency and space can be dynamically
Prof. Federico Viani configured with control signal for adaptive sensing/monitoring
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‘Q\\\\_

READER

A6

| TAG1

%%/wwe
a) Usual RFID system with low
directive reader and no sectorization

| TAG2 | TAG3

READER Gran(f) AO

b) Directive reader with frequency
sectorization to locate RFID tags

—
INS S
TAGL N TAG?2 \ TAG 3
f3: Channel #3 f2: Channel #2 fi: Channel #1
Sector #3 Sector #2 Sector #1
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Leaky-coax for tracking humans

Transport Mode

Radiating Mode

Sector#1 S#2  gy3 0

Received
signal

piu

time

Time-space
/ dispersion engineering




1IC1301 -WIPE

‘Q\\\\_

%%/wwe
COSTIC1301

Leaky-coax for tracking humans

Transport Mode

—
e~

Radiating Mode

S#4

Received
f1 @ signal

O
f4
>

? time
Time-frequency-space
/ dispersion engineering




RX: RF/MW Sensing/Imaging
e
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3- Future: Conformal radial SIW array ®. TXCRE/MW Heating
focused in Near Field

« Sensing / Imaging (RX)
* Heating / Hyperthermia (TX)

Magneto “helmet”

]
Prof. Chiao Prof. Marroco
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* Not only frequency-scanned, but also electronically-scanned LWAs
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Annibal and his elephants... }%’W.pE

COSTIC1301

From an arrogant, ‘ To a distributed, ecological, sustainable, more
natural way of creating and maintaining...

centralized attitude...
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1- Internet of Things (loT 3 e

Distributed network of Internet made by the people
powerful minds and hearts for the people making a more
sustainable world:

Internet of the People (loP)
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THE CONNECTED
GOOD PEOPLE

*The GrEAT group at UPCT.
My mentors at UPV / UV.
My Ph.D students
*Heriot-Watt University Edinburgh (UK)
*Queens University Belfast (UK)
*University of Seville

*CSIRO ICT Centre, Sydney (Australia)

UC3M (Madrid), TUDelft (Netherlands) ”

«An all MSc. Students (>100 already)... r{\_&
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4- Further Holistic Conclusions.

* Flock of starlings’ dance:

https://www.youtube.com/watch?v=0xYn3e_imhA (3:27)

« Synchronization of 32 metrometers (lkeguchi Lab. Japan 2013):

http://www.youtube.com/watch?v=kqFc4wriBvE (4:04)
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QUESTIONS ?

THANK YOU
SO MUCH
FOR YOUR ATTENTION!

José Luis Gémez Tornero
Josel.Gomez@upct.es

Technical University
of Cartagena (Spain)



