RADIO

The last meter of Internet of Things

a%
Innovation

R6E is a reliable partner for Open Innovation
about wireless and battery-less RFID sensor
technologies

i

Development

R6E develops added-value and customized
solutions based on the paradigms of Internet
of Things and Industry 4.0

T
s
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Deployment

R6E takes care of the installation and
commissioning of I-loT systems, plant
and/or equipment at the customer's site.
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miniaturized meander-line antennas
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(IEEE Explore - RFID in the Title)

RADIOGENSE’s Genesis

> 20 years of research on RFID sensing

2013
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RADIOGENSE

The last meter of Internet of Things

A spin-off of the University of Tor Vergata aiming at
developing short-range distributed sensing
technology to discreetly measure and quantify our

interaction with things and the surrounding spaces.
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Top 10: “RFID + Sensors” entries

(Source: Scopus, July 2023)

Documents by author

Compare the document counts for up to 15 authors.

Marrocco, G.
Tentzeris, M.M.
Occhiuzzi, C.
Catarinucci, L.
Ukkonen, L.
Tedjini, S.
Colella, R.
Karmakar, N.C.
Amendola, S.

Georgiadis, A.
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Sensors for Humans Wearable, Epidermal, Implantable
Sensors for Environment and Things
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The virtuous loop ((m))

Academia & Industry

Franiait —~. Laboratorio di

Prototypes, ””'\\\ Elettromagnetismo  |[€

Papers, .
Patents Pervasivo

Challenges

veveopmen, | ( (1) ) RADIOSENSE

Services The last meter of Internet of Things

—>

www.radiobense.com

T —

RADIOGENSE collaborates with the Pervasive Electromagnetics Lab of the University of Roma
Tor Vergata, from which it draws new ideas to be transformed in industrial adding values.

Passion in research and innovation allows us to stay up to date on cutting-edge technologies
delivering visionary solutions to our partners and customers

www.radiobense.com 3



The core team ((m))

Educational Background

Medical Engineering (>60%)
RF and Electronic Engineering

Computer Science
Telecommunications p

Gaetano Cecilia Sara Stefano cﬂfo ina
> 60 % with PhD Marrocco Occhiuzzi Amendola Caizzone iozzi

) System Engineer, PhD
PRESIDENT. PROFESSOR CEO, PROFESSOR EXECUTIVE MANAGER, PHD CO-FOUNDER, PHD

Academic & Industrial

Partnership
Cyber-Security Engineers £ | :
Mechanical Engineers Nicola AdinaB. Nicoletta Giulio M. Giorgio A Fablio )
Data Scientist D'Uva Barba Panunzio Bianco Piccardo Angeletti

RF ENGINEER KF ENGINEER Medical Eng., PhD Candidate TEST ENGINEER, FHD SUFTWARE ARCHITECT ENGINEER, PhD

Chemistry Departments
Mechanics

Professional Internships
- Master Students
- Industrial PhD

i i Giulio
Tatiana Federica Francesca Alessio Francesco Sull
Ozhogina Naccarata Nanni FMOStSCCIOW RF ENé-\Neget IP'h'DI Intern INTERN
ADMINISTRATIVE STAFF Medical Engineer, PhD Intern Medical Eng., PhD Intern sk TRy '

www.radiobense.com



MANUFACTURING

Cold and Hot Chain
monitoring, Predictive Maintanance of
Industrial machinery

Industry 4.0 Applications

R6E is a pioneer in the deployment of industrial RFID sensor networks

AUTOMOTIVE

Tire Manufacturing &
Test, Distributed Temperature
diagnostics for plants and race cars

FOOD

Smart Packaging for monitoring
food ripening, Plastic waste
management for the circular

economy

HEALTHCARE

Pharma packaging for quality
control and safety, E-Health and
Digital Transformation of
biomedical devices



Customers & Partners ((m))
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Open Innovation Partner

Our Model

Adding-value technology development

TRL fast rising

& Laboratorio
7 ) Elettromagnetismo
Pervasivo

Inspiring
Fundamental
Leveraging Research
Reasearch
Outcome TRL 2
C UStomer Problem Analysis
Chal |enge Tech. Landscaping

Building expertise
ecosystem

TRL 8

TRL 6

((m))

Industrialization
Mass Production
Market Launch

Pre-Product
Definition of industrial
manufacturing

Pilot plan and scale up

High-end Services
Standard and Regulations
Training and demonstrations

TRL 3-4

HW/SW
lterative refinenment

Proof of Concept
Preliminary HW/SW design

In-house Prototyping
Laboratory tests

IP support

Services with high
creativity level

* Co-patenting

* |P Licensing

* Upfront fee

* Revenue sharing

www.radiobense.com



Our I-loT Ecosystem ((m))

c Data Generation

Ad-hoc radio sensors
Wireless sensors network
Embedded Systems

Edge Processing

Data Analytics
Machine Learning
Cloud computing
Data-driven decision

and Digital twinning Data Transmission

Cyber-Physical

Security
loT GATEWAY “PC UA PCAN & “odbus
‘\\m Bl https://

www.radiobense.com



The Physical Layer ((I))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

‘- et
==
=4
Battery-less embedded sensors Multiple points distributed on large areas
where no other sensing device could fit into zero-power, no-wires, re-configurability

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

Mm Size of DUT

Real “things” empowered by RFID sensors (the first meter of IoT)

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

Size of DUT

Implantable medical
devicess

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

Size of DUT

Plasters, Dressings,
Bandages

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale
7 L

Size of DUT

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale
| > ' _,4

Size of DUT

,’ Food & Packaging

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

Size of DUT

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

Size of DUT

Rubbers (Tyres, Conveyors)
Composite Polymers

S Tread pocig '
£ www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

Size of DUT

Vehicles
(racing, industrial, passenger, truck)

www.radiobense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro....

ol ALt =t
Industrial Plants N [ Ff’”’":-“f:’»‘f""ﬁ‘ By
Chemical, Electrical Oil&Gas DA Py A
4 a7 | y o s . S RN A e &
Infrastructure s o ATt

www.radio6ense.com



Unusual RFID sensors ((m))

Enabling a unprecedented level of wireless sensing

From Micro.... ...to Macro Scale

Keeping electronics as simple as possible, Moving Intelligence “outside” the physical words

i i i ! | | tens of m >
um cm dm m 5m
COMPLEXITY & CHALLENGES
Tag Design Durability Radio Coverage Cyber-Security Data Analytics
Integration Miniaturization Materials (bio!) Link Reliability System Integration

www.radiobense.com



The application Layer ((m))

/o ) ((‘ ))) e )
| &’ RadioScan Software Tool((m))

* Real-time reading of multi-EM indicators from a
multitude of sensors

* GUI for Data visualization

* Low-level preprocessing of raw EM data

* Data analytics (option)

* Streaming data to upper layers of IoT platform
* Highly customizable

- J

Communication
Protocol

avl —— ’.
L

DATA ANALYTCS

-

\_

A\ DEWESoft™

 Database

* Local Data Acquisition Software

* Web Dashboard

* Cloud-based analytics service (e.g. Power Bl)
e Custom on demand

Edge Computing <— Machine Learning — Cloud Computing

www.radiobense.com



RFID sensors for Industry 4.0



AUTOMOTIVE




Green Tyre

F
|

Embedded
RFID tag

Near Field Two-Port Modeling

mold

Tire rubber

Nitrogen
gas

—

Control &
DATA

RF READER

Processing

Curing press machine

Tyre Manufacturing

Laboratory Mockup
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Monitoring Undercarriage
Smart Roller

www.radiobense.com




On-vehicle PoC

23/01/2024

www.radiobense.com
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On-vehicle PoC

v::

IS— !
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P=" Router for real-time
85 data visualization :

UHF RFI |

At
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F1 Racing

I-Logger to monitor vehicle Components

safety - '&‘0 =

* Approach to the turn

[ )

Battery port

- . . Resistive-based sensor port
Turp-in point .a%
b Ground plane  FR4 substrate
Protects the electronics against
mechanical deformations

turbulence

Kapton-coated antenna
Ensures stable pecformance at high temperature
conditions and gives flexibility

Felt substrate
Guarantees flexibility and thermal resistance

---reference thermocouple
—PT1000 .
350 W gl W’““mﬁ#
Mch-,-" \‘v‘,
o o,
320 /*4 ot
—_ " Vit
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290 f iy
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e
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Bearing Temperature Monitoring (.))

Healthy bearing

Il Sensor antenna

Point of N A R O [ 0 I T x10;
= Reader’s antenna = i I : measurement (T) 140 ? =R 8 . e — — . _RHD _:,7 4
130—_:_ Speed.S'.(ep- INNNNNE PT]OOO?E:A
= Austenitic Steel NDE | | i | —R _ |E
120 — L = |E—35
110 E3
5100 : 2.5
[:: 9 :_2
8 =K
7 =
6 E 05
b T ~=ig
CHERFID 0 100 200 300 400 500 600 700 800 900
Outside the . Reader
motor .
E-field Simulations Damaged bearing
_ [40___.:lA;iL.i_i.xlAillAllul_lleil1AH1A_11_|11|f‘mi,r,
Interrogating - T Sensor 0 Speed step - =Wk
Antenna = PEEK NDE —R |E
120 5 —Speed |= 35
E-3
; E 25
| E )
p W-ﬁﬁ =
- 3 o~ NANAAANANNAAT T\ — 14
==
=
e I B "["“r:qx:'tj:rm'L\::l 0
0 100 200 300 400 500 600 700 800 900

www.radiobense.com

Speed

Speed



RFID-powered Interconnected Vehicles

Off-vehicle platform

RFID Reader
/loT bridge | AloT
(Fixed) models

Rest API http

On-vehicle platform

((m))

o On-board

Egog; /|\ Dashboard

T3(°C)

T4(°C)

-\M Vehicle Central
CANbus Control Unit

é} \ 4 A A
s RFID Reader CANbus

JloT bridge
(Mobile)

A

Rest API http

v
) Google Cloud aWS /

Microsoft
Azure

!

Enterprise /Vendor
IT System

2

BRIDGESTONE

Ferrari

i
BERCO
"

1/23/24
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MANUFACTURING



Chemical Plants

Interrogatin '
Anten na‘

Predictive Maintenance of Filter Press
Frequent failure of Membranes trigger cascade
damaging process up to complete stop

Anomalous flows of hot fluid insides the
inflating hoses might predict malfunctioning

BUT: ! Hundreds of tubes

Il Frequently replaced »' 5 - o i | | ;’» |°Dn z:g /9 halybe
RFID-based Predictive System | ‘ < , H1 ./ :

www.radiobense.com



Chemical Plants

CHALLENGES

. Metals, vapours, silica powders (scattering,
reflection, losses)

. EM noise (engine)
*  Durability vs highly corrosive ambient

* RF coverage of large machinery (>15m),
moving parts and variables tube filling

> 150 points of measurements
* 0Old Plant No modifications
*  Data Analytics: find predictors!

www.radiobense.com



Chemical Plants

Pilot System (January 2021)

ON A WIDE AREA
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Power on-chip

- Zero-downtime installation
- Retrofit (no changes of the existing

machinery neither of the hoses)
“Transparent” monitoring layer
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The platform

Architecture Web-Dashboard

Temperature History

Filter Press = " - Phase A Phase B
O =
FILTER %
PRESS Ant — Ant  Ant Ant Ant Ant o >
AREA % .QEJ
- S
¥ b= ir—-- e Nl i ©
i i i =
amaza U U S—
[' Reader ’ | Reader || Filter-Press info
I' H } Data&Po;ver

5 " (working phase)

Time-Variant Heat map

RadioScan Too((m))
* Reader control
* EM indicators acquisition

= 0
= + Low-level processing S
o Switch PoE  © OPC-UA server E
: %)
, o
550PC UA s -
CONTROL o . SO f;AR. ) -,
; ] : 7 - no. 6 membranes failures
ROOM | . + OPC-UA client no.5 membrane with deformation
) Tlme—s.erles I.:)B . . no.1 membranes with water loss
R » Real-time Visualization | no.3 flex broken
il /i + Alert generation |

www.radiobense.com



Al

<
Example of RSSI track record
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Switchgears and Electrical Equipments ((m))

Reader antenna

L

5°3.], RFIDTemp.  RFID Platform for Predictive Maintenance
<, sensors

-\.\.

v/ Modular architecture

v High scalability

v Easy to tailor to any switchgear model

v Retrofit solution

V' Integration with Scada and web-services

RFID Reader RS485/ SCADA, PLC | HMI with Alerts

Raw-data collection Modbus RTU‘ & 1T
Edge processing ’ — §v,,,,\ l :* :
RS485/
J Modbus RTU
y
loT bridge o Database Dashboard
Data Trasmission Data Stream Injection ‘ @ Rest API - H
’ &3 kafka Soark’ _
influxdb 15 Grafana

www.radiobense.com



Switchgear and Electrical Equipment

=1 : . Busbar view

L,

' Controleabinet view

m) Circuit breakers,(plum and contact) ®) RMU connectors

®) Busbars ®) Transformer,
m)) Cables ®)) Electrical Interconnections

www.radiobense.com



Industrial Manufacturing ((m))

Curing of Conveyor Belt

T The problem
i Measuring the temperature “from the inside” during
the vulcanization process of rubber conveyor

Challenges

®)) Embedding into layered rubber with carbon filler
®)) High temperature, pressure, mechanical stress
®)) Readability with metal shielding/reflectors

> Press

www.radiobense.com



Curing of Conveyor Belt
On-site Installation

_Press-
Interrogating

Retrofitting the existing machinery

www.radiobense.com



Adaptive Curing of Conveyor Belt ((I))

(! Item-level
;I' S Qualificatior
Cleat TC180 XA-120x i _
PLC \_Curing Press :
t (sec)
Fcu ring Tpress( °C)
Ppress(bar)

Trubber(o C)

Reference curing cycles

180
160
— 140
&
T 120 S—_— . .
- . —&.ZZ  The object itself
2 &0 = “tell” the machinery
S 60 how to optimize its ~ Embedded RFID tag for
40 production process monitoring the entire
Heating Maintenance Cooling .
20 e i o o o product lifecycle
time [min]

www.radiobense.com



Rotating blades in paper industry ((m))

Objective: Wireless Monitoring the temperature of rotating metal blades for wear modelling and
predictive maintenance of machinery in paper manufacturing

/ Wi . ‘

High—rotating speed * Radio-coverage of large machineries (> 10 m)
CHALLENGES | Fixing methods * Harsh EM ambient (metals ,paper dust, vapours)
* Numbers of target points (>50) * Retrofitting

23/01/2024 www.radio6ense.com 50



Rotating blades in paper industry | ((m))

Test on Bench

' MULTIPLE
. $BATTERY-LESS
SHRD R A i 5 SENSORS

N e mmmmm—— s g . 4 2 v Temperature

........

- 000030333439 (S)
* 0A0010001700 (M)
- 0A0010001728 (M)

= 4 ; "".V:-.- SENSORIZED ) " 000030333431 (S)
__ - BLADE | ¢ 16:00 16:05 16:10
— s TRANSMITTING BLADE . ,fime
‘ ANTENNA = Wireless link up to 3000 rpm

www.radiobense.com
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Cyber Implantable devices ((m))

«Antennifying»

(def. )Turning a metal beam
RFID IC with into a device able to talk to a
\ Temp. sensors transmitter outside the body

CHALLENGES
* Through-the-body link
* Extreme miniaturization
* Minimal changes of certified device
* Long-term biocompatibility
* Compliance with surgical procedure

Leveraging o EM know-how on * Medical-grade accuracy
Structural antennas e Manufacturable

Patient |
T [°C]

www.radiobense.com 55



Orthopedic fixation ((m))

MULTIPHYSICS

Electromagnetics & Mechanics Add-on Solution

No modification of implant
Adaptable for all beam sizes
Extremely miniaturized

N e T

ws *  Emulating

P “L realistic :
s “ " inflammation i
531 27

Pt 25

14:45:36 14:52:48 150000 150712 15:14:24 15:21:36 15:28:48 15:36:00

www.radiobense.com 56



Innovation Timeline ((m))

Today

Boosting the

June 2022
Technology Oct. 2021 Industrialization
: Design of
Readiness d Pre-clinical
Level July 2021 studies

Patent
Application

A

4

April 2021

O

TRL 6

Manufacturable

Feb. 2021 TRL 5
O Pre-Engineered
TRL 2 TRL 3
Application Proof-of -Concept

formulated

1/23/24 www.radio6ense.com 57
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Temperature and humidity impacts
on drugs quality, effectiveness and
safety (pharmaceuticals stability,
microbial grotwth, dissolution....)

Pharmaceuticals ((l))

> RFID IC with
rH-T sensor

» Antenna
Capsule (coating)

Polymeric
Low water absorption

Miniaturized rH-Twireless
probe for item-level
monitoring of localized
microenviroments inside
packaging

- Stability studies, R&D tool

CHALLENGES: - manufacturing/ Industry 4.0

Extreme Miniaturization

Multi—parametric battery-less sensing
Disposable (hence low-cost)

Materials (low water absorption )

Variable conditions (pills, orientation, packaging)
Accuracy, reliability (<5% rH) “Pharma”-grade

www.radiobense.com



Pharmaceuticals (m))

The Radio Pill Pill Effect Packaging Effect

)
1
/ Range
>30 cm
Post-manufacturing tunability o o TemperatureMeasurements g Husitl Mimrompnlse i
Single probe for multiples fillings ri -
80 — 80

(liquids, powers, tablets...)

Temperature [°C]

Size ~ 15x7x5mm
Weight < 5g
water absorption ~2.2mg

Humidity (Reference) [RH%)]

. . RO 1 ) olilos il linaly
20 40 60 80 100 120 140 160 180 20 40 60 80

PR S Y I YTt
100 120 140 160

Bland Al Time [min] Time [min]
an tman
4 . & Bland' Altmafw
o |l S S S e e S A S P e s Lo
2 4 m+1.960
i2 1 &, .
H +1. §2r ieira® -
R R S PR e e S petl.000 | g . ;. ':s Sl T m
£ . o % B e m]| 5 0 TE
£0 SRR Saponps PSP PRy Sy Ry | s . e
*.: : l. L) ’ Y aieaies? EE-Z}‘ e
24 m-1.960] ;;4: _______ . S
b—-& II&.G% m-1.960
4 1 ‘ v a8l s L L L )
0 20 40 60 80 100 2 a0 40 50 60 70 a0
, Average T(°C) Average rH [%RH]

1st PoC (complex!!) 3D Helix 2D Printed MLA Temp. Accuracy £1°C rH Accuracy * 5% (* 3% sub.range)
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((m))

: . £ - Almost Ripe Ready to Eat Past Ripe
N : -:.7;, R .'./_ s ... W, - Py P v -..,- - Days to Ripe: 4-5 Days to Ripe: 1-2 Days to Ripe: 0 Days to Ripe: past due

Not Ripe
w " ‘\;"'} i:"; & ~." "...‘ \
ELECTROMAGNETIC .
TRANSDUCER

F(ripeness) TN Antenna-as-a-Sensor
_RSS| * sensor-less |
- Phase * non- destructive

- Sensor Code °* passive

Tag over _ Tag on/in Skin
the peel Packaging

www.radiobense.com



COMPLEX - NOT
MONOTONIC -
PHENOMENON

Q. Is my avocado
ready to be
distributed?

o

MACHINE
LEARNING

ELECTROMAGNETIC FINGERPRINT

(m))
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Prediction Accuracy >85% (ripening onset)

> 30 campaigns; >4500 fruits; > 31k predictions
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