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RADAR
SYSTEM

Radar Signature Analysis and Exploitation

Prof. Hao Ling (University of Texas at Austin)

13:30-15:15

The electromagnetic signal scattered by a target contains information about
the target, such as its size, shape, surface reflectivity, and motion. This is the
driving force behind the development of high-resolution radar, which acquires
the radar signature of a target and extracts useful target information from the
resulting signature. This tutorial will provide an overview on the analysis and
processing of radar signatures of complex targets. Topics to be covered include:
radar cross section (RCS), electromagnetic scattering analysis for RCS, RCS of
simple shapes and complex targets, high-resolution radar imaging in range and
cross range, scattering center model, time—-varying RCS and Doppler signature,
and microDoppler from non-rigid bodies.
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Spherical Near-Field Antenna Measurements
— The Most Accurate Antenna Measurement Technique

Prof. Olav Breinbjerg (retired) (Technical University of Denmark)

15:30-17:15

The spherical near-field antenna measurement technique combines a range
of fundamental advantages rendering it the most accurate technique for ex-
perimental characterization of antenna radiation. This technique, based on the
well-established theories of the spherical vector wave expansion and the an—
tenna scattering matrix, can be implemented in numerous different types of
measurement facilities; today, it is used globally for testing of wireless technol-
ogy from miniscule hearing aid antennas to giant satellite antennas. The tutorial
will overview the theoretical background for the spherical near—field technique
and deal with the careful practical implementation that is essential in realiz—
ing the high—accuracy potential. The tutorial will present challenging calibration
and measurement projects conducted at the DTU-ESA Spherical Near-Field
Antenna Test Facility, a European Space Agency (ESA) external reference lab—
oratory at the Technical University of Denmark, and furthermore review recent
research in spherical near—field antenna measurements.
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Could Backscatter technology be a solution for long range, low cost and ultra-low—power wire—

less sensors?

Dr. Spyros Daskalakis (Cirrus Logic)

13:30-15:15

Nowadays, the explosive growth of Internet-of-Things-related applications
has required the design of low-cost and ultra-low-power wireless sensors;
backscatter communication has been introduced as a cutting—edge technolo-
gy that could address the above constraints. This presentation aims to enable
wireless communications from battery—less power autonomous sensor nodes
that dispense the need for dedicated radio—frequency emission. We will pres—
ent novel long range ambient backscatter techniques, and this will be achieved
by bridging the gap between the following Internet of Things (loT) technol-
ogies: 1) Battery-less RFID tags, which have a limited range and require a
bespoke reader signal. 2) Battery operated Long Range (LoRa) sensors, which
require battery and emit detectable radio signals. 3) Recently emerged ambient
backscattering communications, which enable communication by virtue of ad-
justing the scattering of ambient RF signals at the tag’s antenna.

Zero—Power Flexible Wireless Modules& Inkjet/3D/4D printed backscatteringsolutions for loT,
SmartAg and Smart Cities Ultrabroadband Applications

Prof. Manos Tentzeris (Georgia Institute of Technology)

15:30-17:15

In this talk, inkjet—/3Dprinted antennas, interconnects, “smart” encapsulation
and packages, RFelectronics, microfluidics and sensors fabricated on glass, PET,
paper and other flexiblesubstrates are introduced as a system-level solution for
ultra— low—cost mass production ofbackscattering Modules for Communica-
tion, Energy Harvesting and Sensing applicationsspanning the frequency range
from FM up to mmW/subTHz/5G+ frequencies. Prof. Tentzeris will touch up
the state—of-the—art area of fully—integrated printable broadbandwireless mod-
ules covering characterization of 3D printed materials up to E-band, novelprint-
able “ramp” interconnects and cavities for IC embedding as well as printable
structures forself-diagnostic and anti-counterfeiting packages. The presented
approach could potentially setthe foundation for the truly convergent backs-
catteringbased wireless sensor ad—hoc networks of the future withenhanced
cognitive intelligence and “rugged” packaging. Prof. Tentzeris will discuss is—
suesconcerning the power sources of “near-perpetual” RF modules, including
state—of-the—artflexible miniaturized enhanced-output and enhanced-range
ambient backscatterers energy harvesters up toabove 5G mmW frequencies.
The final step of the presentation will involve examples fromshape—changing
4D-printed (origami) lens—basedbackscattering implementations, long-range
enabling reflectarrays and mmW wearable (e.g.biomonitoring) antennas and
RF modules. Special attention will be paid on the integration ofultrabroadband
(Gb/sec) inkjet-printed nanotechnology-based backscattering communica—
tionmodules as well as miniaturized printable wireless (e.g.CNT) sensors for
Internet of Things(loT), 5G and smart agriculture/biomonitoring applications.
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mmWave 5G/B5G Beamforming Antenna Systems: Fundamentals and Applications
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Since 5G/B5G will operate in new milimeter-wave(mmW) frequencies,
there are new challenges in the test. In particular, mmW 5G antenna arrays
in smartphones/base-stations do not provide access to their RF ports due to
the small form factor, which forces RF tests and calibrations to be performed
Over-The-Air(OTA). Prior to performing any calibration measurement process,
a mechanical alignment must be carefully handled to align the antenna coor-
dinate reference plane with respect to the measurement reference plane. Due
to the relatively large aperture size of open-ended waveguide(OEG) compared
to a single radiating element with several millimeter scales, careful mechani-
cal alignment is performed. Furthermore, the mutual coupling from surround-
ing elements needs to be accounted for during the calibration process since
the distance between adjacent elements is normally several millimeters for an
mmW 5G antenna array. Conventional OEG is usually made of a metal plate
which causes undesired coupling between OEG and radiating element, the
loading effect of OEG needs to be de—embedded for the accurate antenna
measurement.

In the first part of this talk, a novel approach to realize over-the-air (OTA) test-
ing of beamforming in conjunction with a new free—space measurement plat-
form based on an electro—optic system with the dual—-probe technique for array
antenna calibration.

In the second part of this talk, a standard field generation system with an an—-
tenna for the calibration of a Ka—band(26.5~40 GHz) electric—field probe. We
constructed a measurement system having the capability of not only rotating
the azimuth angle of the probe but also changing the separation distance be-
tween the antenna and the probe.

TUTORIAL #5
EMI/EMC

HTY L0|x2| 0|21} 47

13:30-15:15

ZE> UE (5) 0[HAIA)

2 IR ML 0| 20| MYl EMI Filter AA0f CHH 0|21 MR AM2|E S510]
I

NE WEl==

1) M 0|2 0| Z-uftHnt CHAO]| CHet 21

2) LO|= Mot A= 5l (2B E0| 41 &8

3) SR} AFSZE LO|X0f CHSH CHEHO|Z uf MRAL
4) BEDEQ RS2 E2| Source Impedance 247|&
5) EMI Filtere] 77 |&

£0|8 14 @F0HEm)

15:30-16:15

CAIE 7|sd Ben| 7|5 SO 20| Tt M7, ™A, S4171717t AFK[ok= HIS0| =
11X HEel Adel, W&ot SO E U Ol EA] B2 OFF K2 HAL0| =
LISl EISOI0 LSS Eito] YO 4 QUC} o 2 V|- TAL 7177t Abel 24
00 E5E0l T2k AL FEE7H S7K6H0 71719] = TAHL} 2HS AStA7 1]
E|QUCE TN, S22 FAHLO| &S AX[GHH 2IF 2 AL YA (=5 o
7| et CHEH0| 2| Q11 QIOH, Otz = 2L et MAHI0| oA E 2 AN
2 s T L0 Thet Ol Q7|1 UL}, FA HE2 My =0| 294 &
Mg 20|22 FEEH, & REHUM= Y H=ge0|=0] 0|0 ARG LE0(=0f
CHet - golet Ea, tHAO 2 AT AHOf Thet LIS LR AIA} Sttt

2&2 Y G=RASKETE)

ol

P
yLu

16:30-17:15

— —

YA 0|20 Hfet LHIECZ UAMY L0|= ZFS
TIAFLIC,

g& Flet S 7400 tiet 20 &t
SAF S WYL Z0H| et HA 74 S0l Hoko 212

TUTORIAL #6
RFIC £

RFIC SZ7| A2t ABAIAH 25417

SO 4 (3I9IR0{THEl)

13:30-15:15

1 552|290 A0 23t 7= 0|2 oot 2= dA0| E4H0|L A=51|
712 0|0 2|2 5iM S A 0|01 CHoll stEottt. Me H By 27|92 ol
Heflt 452 JHdah | et AIAEEQ! F2 U 00 Holf Waveform 2A|LI01H
St 20| tlaX2|2t 529] 58 S871=s ol 81 22 /M PES AvHelt.

mmWave FEM A17| gt

27171 IR (BIREAP 1227

15:30-17:15

Z|2 5G EA A|AE] =00} H|0|E A|AEI S mmWave Y RF 220 Chst ZQ
M0| Z7tota QICt RF A|AE! 7§22 CMOS 2HE 088! Transceivert 1A RF
EMS Qot RF FEM AH 2 L1 0|F FEME 3132 BIEX|IZ 0|25t MMIC A7
7128 UQZ it 2 REZ M= el B IS 018610 FEME Design Flow
Of Chst Olsh & 7|2XQ 3|2 7125 HEHS SHE st UH WES siefs UeA|
EM M HEMT AKXt B22] AH | NA/Switch 2|2 X, Layout B, EM Al
20| git, 2|11 AT WS IS5} Sitt 2 REZ|PS Soff B2 ¢HEIE0|
MMIC AA0fl CHSt Ofoh7t =22t 2 4~ U7IE 7|CHaH 2Lt

TUTORIAL #7
AlJIX

oS

ol

24 (T30t

13:30-17:15

= Z0M= 22 et HLZ0H0 M=M= HE= Held /IS0 HotA 27H
oith. = 7|=S Olsfioh| #fet 71=AMRl el HZEA, OIER, Softmax HESEF
Off CHailM LO0k= 20 QI5HAYY| eIXQl 1, 0|2 XQ1 o|n|, Tefer 20f=o] &
80i| THoiA =StCt 2 20 CNN, RNN, GANSZ 22 Lot 20| tiohiM= S&
20FE SMO2 ANSHT

KIEES

R

HOl L




