EUROPEAN

i ©
@Ah IPS 31y earNership

Long Life

Power Platforms
for Internet of Things =
Ol IPollel

Asset Tracking
Use Cases
EnerHarv 2026

PSMA International Workshop | 27-29 May, 2026 | Madrid, Spain

. . -~
Shruti Kathuria |
' edacentrum
. .o .. ¥
(Boston Scientific Limited)
QS8 Argelik TRl scleiific B,  CoNTQ @ = icsem joreswe  QEOY
22 Fraunhofer “mec @Eeo/n_ ins % IW.OET @ M;@M ine;a:ﬁv.-;rks vicean S it mlrﬁlm Noldus s OFFcode

¥Sco taua TU/e 555 ohm.: BETST o € Tyndall ® zens

| POLITECNICA

,-4 ®ignify ﬁlﬁﬁ




FUNCTIONALITY: ASSET TRACKING IQI_!D@DI@T

> ASSET TRACKING: (from raw materials to finished good and equipment): Used to optimise
flow, management and throughput of assets. In a factory environment this can identify
bottlenecks resulting in reductions of >10% in production, cycle time and inventory costs. In a
smart mobility environment this can help monitor assets to avoid loss, theft, minimize
downtime as well as make savings in transportation cycle times and energy/carbon footprint.
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Asset Tracking Use Cases in LoLiPoP-loT

ol IPelP-lel

UC1: Med tech factory asset tracking — BSL SCleﬂtlﬁC
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UC1:. Med tech factory asset tracking DUD@DI@T

> Product sub-assemblies (BSC: PCBAs, PGs)
—PCB Assemblies and Pulse Generators
—High value assets worth €5,000-10,000
—Highly mobile assets, move through production flow
—Controlled by MES
—EXxperience bottlenecks
— Sensitive to large forces
—Can experience unusual/unauthorised activity (alarms)

> Process equipment (not a BSC product: microscopes, barcode scanners)

—Typically fixed in place, not part of production flow "
—Not controlled by MES (Manufacturing Execution System) - !‘
—Misplaced during calibration or line moves ‘.
— Can experience unusual/unauthorised activity (no alarms) </
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UC1: Med tech factory asset tracking IQI_'p@p—I@-I-

Asset Traceability at BSC

O No indicators for idle WIP (Work in Progress) }
O, Production material location marked incorrectly }

O Significant burden receiving materials/deliveries

® Paper-based tracking for moisture-sensitive components

O Missing instruments due for calibration }
® Tools and parts becoming misplaced }
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UC1: Med tech factory asset tracking IQI_'p@p—I@-I-

@ Reduction in WIP

@ Reduction of inventory

@ Reduction of production cycle time

@ Reduction in component scrap

@ Reduction in battery replacement costs

@ Reduction in lost/misplaced materials

@ Reduction in time taken to find materials
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UC1:. Med tech factory asset tracking IQI_JP@D |®T
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UC1:. Med tech factory asset tracking IQI_lp@p—I@-I-

How to develop and select the asset tracking product now ?
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» | o iPoP-lel

LUX LEVEL TESTING

Objective: Collecting lux level measurements of the CEA to analyze the amount of ambient light energy available at each step.

Recording Duration Data Collected

1) CEA1&CEA2 24 hours

1 | Lux level measurement at each position on each station.

2) CEA1&CEA?2 Weekend
2 | Time spent at each position on each station.

3) CEA 1 PCBA Springboard 1 full shift (8 hours)

3 | Type of indoor light used for tracking.

4) CEA 1 PCBA NG3

1 full shift (8 hours)

2 Date: Time: Channel LUX Position
Status 3 (%)
Al 4 19/11/2024  16:50-00 178 6 EXCISE

5 19111/2024  16:50:01 178 2 EXCISE
o 6 19/11/2024  16:50:02 178 7 EXCISE i Lux Levely in CEAL 62
i Aty R, e 7 191112024 16:50:03 179 EXCISE i ' )
Model 1 Sessonis) n 8 19111/2024  16:50:04 181.3 EXCISE I\ N \
et i T I loiae okt | 1613 EXCSE .Y PAANA

it 2 50 £ .\ f O hirf ¥

o = e R idaacn 11 191172024 16:50-07 181.5 EXCISE A /\ fAA S 2
status Resardng storage rase ois 12 19/11/2024  16:50:08 181.4 EXCISE - AN A b = A ™~
in overioad 13 19/11/2024  16:50:09 181.5 EXCISE £ ] X i (NS T/ A AR\
Die / e 14 1971172024 16:60:10 1815 EXCISE 3 \ A\ O 00 15, 7 A £ ..
T :11:50 Chanrsl § Brrancs QD) o - 3 f '1 11\ Ly \ / by
Battery vitage: Sz fro) .. 15 1911172024 16:50:11 1815 EXCISE RN s A \ \

16 19/11/2024  16:50:12 1815 EXCISE f\f l‘ { \ N
sy o 17 1911/2024  16:50:13 181.5 EXCISE \f W/ \/ K |
e S e 18 19/11/2024  16:50:14 181.6 EXCISE ] [l

19 19/11/2024  16:50:15 181.6 EXCISE V
Wasiory 20 191172024 16:60:16 181.6 EXCISE
T e 21 191112024 16:50:17 181.5 EXCISE R
| By a2a00ksys

22 191172024 16:60:18 181.6 EXCISE

23 191172024 16:60:19 181.6 EXCISE

24 191172024 16:50:20 181.5 EXCISE

25 19112024 16:50:21 181.5 EXCISE

26 19112024 16:50:22 181.5 EXCISE

27 19A1/2024  16:50.23 1816 EXCISE
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» | ol IPoPlel SRSy sBostong

WHO DOES WHAT :: WSN

ACTIVE (HYBRID) TAG | PASSIVE TAG (COTS)
(LoLiPoP-loT)

Size Big — how big? Small

Constraints/Fits  Less/Loose More/Tight

Power Storage Battery (or super cap) No battery

Sensors Accelerometer No IMU

Transducers PV cells; WPT Energised by nearby UHF RFID

reader

Sensing Triggers When movement When nearby a reader
(accelerometer) is
detected,;
Fixed rate (1/s or 1/hr)

Asset examples Trolleys PG Holders
Microscopes Deliveries received on site
Barcode Scanners (RFID labels)
Totes & Trays Production material (RFID
PG Carriers labels)

Fixtures
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BSL RECEIVING PHASE 1(COTS)
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» | ol IPoPlel TR Bt

COTS INFRASTRUCTURE
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P | Active Hybrid custom tags for Asset Tracking — gBostons

* The functionality integrated self-powered custom tags in the RFID
Infrastructure, in order to provide enhanced functionalities like sensing
and localization




¥ | Active Hybrid LoLiPoP-loT RFID Tag Serentific

TRAYS

Quarter Wave Patch
Rectenna for Larger Totes

Back View

Front View

PIFA RECTENNA for smaller trays

Custom Sensor Tag PCB before
Assembly




¥ | Final Sensor Tag Prototype — UC1 gBoston.

Custom Sensor Tag PCB before Assembly

Hybrid RFID and UWB Technology

* The sensor tag integrates hybrid RFID
communication with ultra-wideband localization
for precise asset tracking. Solar source -

BV cell Boost Voltage
) o UHF antenna ce — |converter monitor
Energy Harvesting Capabilities 1
. - Boost Buck uwBs
- It operates battery-free using dual energy Rectifler — onverter converter MCU ™ module
harvesting from radio frequency and ambient Storage
light sources. capacitor _L el R
- ccelerometer
Embedded Sensing and Motion Detection
 Embedded sensors enable motion detection and % s EaNay i g g agUNIBO

smart monitoring without increasing power
consumption.

%

Industrial Integration and Efficiency

* Designed for real industrial environments, it
enhances operational efficiency and asset
visibility




¥ | Assembled Totes with Prototype tag SO

System Concept Overview

« Antenna embedded on the side wall of the box
 Electronic tag mounted on the back side

« Solar cells attached along the left edge of the antenna
« UWB module positioned on the left side

Operational Conditions

» Indoor environment

« Energy harvesting from:

1) RF energy

2) Indoor light + partial daylight

« Localization achievable every minute

Concept Feasibility

« Suitable as a final demonstration concept
« For real deployment, added aspects needed:
« Robust packaging

« Proper embedding/integration

Performance

« New antenna can harvest sufficient power

« System startup possible at distances up to 26 m
« Line of sight, no obstacles




UC 2: Asset tracking for Orthopaedic Surgical Loaner IOUP@D_I@T
Sets

X{ DePuy Synthes ===) |UFTE._.:F J(aUa

web of things
> Objective @

— Improve traceability throughout the product lifecycle and §Tynda"
reduce time spent by global sales teams searching for eareh o e N

Institidid Maisidnta
lost sets.

— Current solutions, relying on handheld scanning technology, lack enforceability and provide limited
visibility, leading to extended recovery times.
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Specification : Orthopaedic Surgical Loaner Sets IQI_ID@D'—I@T

— No infrastructure to be deployed with location /‘ ———

tracking technology, solution must leverage Global
positioning systems rather than local positioning.

— Battery life requirement of 2 years : ,
— Location accuracy ~500m. taua I U?f!"'
— Sensing interval 2-4 times per day. [
— Device size must be less than 50x50x200mm.

—WSN Infrastructure - cellular network
communication (GSM LTE-M / NB-IOT). Anticipated
4G LTE with 2G backup.

— Assessment of TYN energy harvesting PMIC for
power management.

— Energy Harvesting via COTS for PV cells.
— Wireless power transfer to power the sensor node

fEim

ST EIT)
[f.=1.[....

at specific locations
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UC 2: Asset tracking for Orthopaedic Surgical Loaner Sets IQL|p@p I@T

> New UC2 electronics bottom view
embedded in the lid of the
loaner Kit

‘=;— & rectenna
E__bn- bottom side)

|
| —

PV

® . | -

top view
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UC 2: Asset tracking for Orthopaedic Surgical Loaner Sets |(_)|_Ip@p-|@_|_

> Components

PV energy harvesting
Tauanito MCU node add-on

patch rectenna

-

back view

; Micropower §
2200 mAh management §
backup battery for WPT K

ZZéQ”SngLZ_QEOIﬁQJEiﬁgP-IoT Asset Tracking Functionality



UC 2: Asset tracking for Orthopaedic Surgical Loaner Sets I(_)I_ID@D-I@T

> System Architecture

—Hybrid dual-input energy
harvesting: PV & UHF WPT
with independent MPPT

—WPT compatible with RFID
EPC GEN2 infrastructures
(ISM 868 MHz band, 2W ERP)

—Local energy storage on a
supercap supplies the ultra-low
power MCU node equipped with
GPS and GSM modules

—A 2200 mAh backup battery
supports prolonger power
outages and extends battery life

>
27/05/2026, LoLiPoP-10T Asset Tracking Functionality
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UC 2: Asset tracking for Orthopaedic Surgical Loaner Sets IQI_ID@D-I@T

> Wrap-up
—Required battery life feasible under certain conditions
—Indoor light can recharge the tag
—Presence in an RFID EPC GENZ2 infrastructure also recharges the tag

—Quiescent consumption in sleep mode may be almost canceled by nanopower RTCs
driving a load switch for the MCU

— A bottleneck is the current consumed during localizations

> Alternative techniques may be implemented: e.g. GSM localization by triangulating
cell signals

27/05/2026, LoLiPoP-10T Asset Tracking Functionality -



UC3 : ADI Catalyst SRS lol iIPeP-lel

AHEAD OF WHAT'S POSSIBLE™

 Analog Devices is a global leader in the design and manufacturing of analog, mixed signal, and
DSP integrated circuits.

e ADI provides products and solutions that sense, measure, compute, connect and power our
world.

125k+

customers
across diverse
markets

and geograohies

24%

Automotive

13%

Communications
53%

Industrial?

(1
393 BB Consumer
( ]

market cap as of end of
fiscal 012024

of revenue derived from
products that individually
contribute 0.1% or less

1 Informationas of end of fiscal year 2023
2. Industrial automation, healthcare, aerospace, instrumentation and measurement, and energy management
©2024 Analog Devices, Inc. All Rights Reserved.
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Introducing the ADI Catalyst LCL|F@|: |®T

« ADI Catalyst is an R&D environment with a focus on forming stronger collaborative partnerships,
exchanging ideas, creating living labs, and developing breakthrough solutions.

« Within Catalyst ADI works with our research partners, our customers and our customers’ customers...
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UC3: ADI Catalyst oL IPeP-lel

* Within LoLiPoP-loT the ADI Catalyst acts as |
a formal research, development, |
engineering and testing hub

* ADI will host and manage the ADI Catalyst
lab-based trials as a site for integrating,
testing and debugging LoLiPoP-loT HW, FW
and SW platforms, especially for the asset
tracking use cases (1-4).

« ADI also working with Tyndall on Asset
Tracking algorithms for use within UC 1-4.

27/05/2026, LoLiPoP-IoT Asset Tracking Functionality



UC3: ADI Catalyst DUD@D-I@T

e Tyndall & ADI are developing low power, Al enabled vision based
edge processing HW and SW components

 Mobile low power Al-enabled edge processing vision systems offer
several advantages over traditional RF based asset tracking in dense
infrastructure environments:
e Higher accuracy
Real-time insights
Adaptability and
Enhanced privacy and security

e Algorithms engineering and development is being conducted on
the ADI MAX78000 and the MAX78002 Ultra Low Power
Artificial Intelligence microcontrollers.

e The mobile HW and SW system components will be deployed and
tested at both the ADI Catalyst and Tyndall using cameras, sensors
and the MAX Al edge processors.
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UC4: Swiss Airtainer (SAT) - A young & | )N D
company based in Switzerland L L p@P |@T

(P T=TTTeT
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o Séville Gooole g
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UC 4: SAT develops smart and sustainable solutions for |(_)|_||3@|3-|@T

the pharma cold chain logistic transported by air cargo

Unlimited autonomy

Smart and
reliable

Full real-time
connectivity

| i r
—— b T Light, strong

and sustainable

CO,; Emission per m3 of available load for one flight Frankfurt-Hong Kong return

6000 i
5208 Kg
5000 4324 Kg 4226 Kg 4574 Kg
4180 Kg
4000 AAAA Ko
Y i J4AA kg 3348 Kg 3544 Kg
3000
2074 Kg
2000
1000 PASSIVE SOLUTIONS I ACTIVE SOLUTIONS
0
o) A ‘%» ) L ,%-77' /eb /r"f]
e ) V. Ve
® 'yq. ¥ v
9 s °0 & Y,
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UC4. Market opportunity to track Mobile | iDAD
Aviation Assets (MAA) around the world DUD@D I@T

Current challenges

Due to various deficiencies as improper handling of MAA, poor control of operations, and lack of
effective real time track and trace system:

- Repair, loss and maintenance of MMA cost the industry $400 million each year (does NOT take
into account the losses due to a sub-optimal logistics, cost for loss of opportunity, underusage
of assets and “missed earnings”).

- At any one time 80,000 MAA's are unusable, representing assets worth $60 million of the global
fleet, necessitating the stakeholders to consider large inventory buffers to avoid equipment
shortages.

- This market represents an estimation of more than 1.5 million of MAA in circulation worldwide,
worth around $1.2 billion.

CEA: Controlled Environment Area
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UC4: Scope & Goals IQL'ID@D'I@-I-

Goals

@ Increase MAA worldwide visibility

@ Reduction of MAA loss / repair

@ Increase of MAA utilisation rate

@ Reduction in MAA fleet size

@ Integration into IATA Onerecord standard

27/05/2026, LoLiPoP-IoT Asset Tracking Functionality 37



UC4: Autonomous Tracking Device : _.
developed with the LoLiPoP-IoT - WP6 oL iPeP-lel

The ATD system is a compact, low-power electronic
device adaptable to most MAAs. It reports its worldwide
position and potentially other parameters.

The embedded electronic have an optimized power
consumption in order to work autonomously for a long
period of time.

Solar panels charge a supercapacitor that powers the
tracking system during normal operation. When solar
power is unavailable, the supercapacitor discharges; once
depleted, a backup battery takes over.

Cellular
(e.g. Nordic nRF91)

Sensors
(Light, accel., rH/T)

27/05/2026, LoLiPoP-IoT Asset Tracking Functionality



UC4: Main technical features of the MVP tracker DUD@DJ@T

4 )
Energy & power architecture

* Sleep-mode current below 90 YA and average current around 1 mA
* Solar panel + supercapacitor buffer + 6000 mAh battery backup

-

Connectivity & positioning
» GNSS/cellular positioning for outdoor asset visibility
* LTE-M / NB-IoT telemetry to the cloud every ~20 minutes

Sensing & system intelligence WISS Alrtai

* Light, pressure, humidity, temperature and motion inputs
* Sensor fusion supports condition monitoring and future in-flight detection

Golden rules of low-power I0T: sleep often | be active briefly | communicate briefly ]
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UC4: Latest validation summary IQIJP@D—I@-I-

MVP integrated and field-tested

Bologna Airport operational trials completed

Telemetry demonstrated across Italy, France and Switzerland

GNSS field performance suitable for operational visibility (~500
m class)

Next steps: packaging refinement, in-flight detector maturity,
broader deployment

UC4 has progressed from early concept work to a credible airport-tested MVP. J
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UCA4: Latest power-performance results |(_)|_Ip@p-|@T

VBATT and VCAP over time (Europe/Zurich)

3.84

3.6 1

Voltage (V)
w
S

e
o

= Dl
14 15 16 17 18 19 20
Time (Europe/Zurich) 2026-May
(Supercap usage: 100.00%|
s
<90 YA ~1mA 1 h sunlight ~ 2 days > 1 year

sleep-mode current average long-term charges supercap operation from supercap battery-only autonomy
\_ current
-

Field data show repeated supercapacitor cycling while battery voltage remains stable. J

\_
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UC4: Energy optimisation simulation in real operation IQI_IP@D-I@-I-
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UC4: Cloud platform & telemetry monitoring |(_)|_I|3@|3-|@T

e Cloud dashboard N mmm—
displays device status,
GNSS position, power e
health and sensor data. 55

Devices

 Telemetry is currently — e —
reported every 20 ' |
minutes.

* Remote alerts and logs
support fleet monitoring [ —
and device supervision. ] 4 <L i

* Architecture is scalable Ui el e 2o 63360
across multiple assets A ivseny |

and locations. pe
}o Baulmes Cha:;lnet;gnrﬁ::
/ - Mathod \ o -.G.RA.ﬁG_ES-PRES-MMI’N
[ The tracker is no longer only a sensor: it is a device-plus-cloud visibility service. ]
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