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Presentation Outline DUD@D—'@T

e Introduction and Motivation
* Internet of Things (lIoT)
« The Power IoT Challenge

e LoLIPoP IoT — A Chips JU Initiative Project

* Project Overview
 Cross-Use-Case Technological Advancements
« Origin of the Reference Architecture (RA)
 The Viewpoints

* VP-01: Network Deployment Zones

 VP-02: Functional Strata
« From Component Catalogue to Building Blocks
 From Description to Construction Support
 Forward Look




Introduction: Internet of Things (loT) DUD@D—'@T

» Interconnection of billion of peoples, and trillions of computing devices
over the existing internet.
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Research: Power IoT Challenge DUD@D—J@T

» |ldentify ways to make batteries last longer and outlive their applications.

> Possible research directions

< Optimize the Power Consumption of WSN Nodes.
“» Use ambient energy sources to recharge the nodes’ batteries.

+» Make better batteries.
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Research: Power IoT Challenge

oL IPeP-lel

> Battery replacement becomes a deployment bottleneck when loT

moves from prototypes to dense, long-term deployments.

4 N [ N [ :
Maintenance burden Scalability ceiling Environmental cost
Q Technicians Shortage O Dense WSN deployments O Frequent battery replacement
: : ice: increases:
0 Device downtime make battery service
_ > Costly > Electronic waste
L Access constraints . .
> Slow > Application logistics

L J Service disruption. y » Difficult to Scale )L » Impact operational lifecycle

J

Vs

\

Core Design Question

Can environmental ambient energy sources sustain the sensing,
computation, communication, and control expected by the application?

~

J

LoLiIPoP IoT : Treat “power” as a first-order system design constraint.




Project Vision DUD@D—'@T

Long-Life Power Platforms for scalable, low-maintenance IoT

» Co-design energy harvesting (EH), micro-power management (MPM), ultra-low-power (ULP)
sensing/communication, and edge intelligence to extend the lifetime of wireless sensor modules.

( )

Project-level target

O Multi-year operation O Maintenance-light sensing

J Negligible Device downtime O Batteryless operations (where feasible)
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LoLiPoP IoT — Technological Advancements @UD@D |©—|_

Cross-use-case question: What is the common design pattern across all UC

solutions when targeting energy source, duty cycle, and application value?

( ) ( ) ( )

Available Energy Lifetime Impact Application Value
O Ambient Energy Source Q Lifetime Extension (or autonomy) QO Tracking & Monitoring
Q Supply (single/multi EH source) O Maintenance-free operation O Control, Safety, & Savings

UC-
Specific
Solution

\~—————————————————’

Each UC-solution is evaluated through the same three outcome layers

Energy Harvested | [ Battery-Lifetime Impact ] { Application benefits




LoLiPoP lIoT — Technological Advancements |Q|_|p@p-l©-|-

Advancement #1 - Application-matched energy harvesting (EH)

Solar Power * Thermal Energy uCs Vibration/Piezoelectric uCé
Thermoelectnc
- Cold Side e

ucs Vibration/Piezoelectric

Solar Per

Thermal Energy

Advancement #2 - Lifetime Enhancement

Months 2—3% ~1yr > 10 yrs

Battery-limited IT_;aEker PV-assisted
tags HHELIME aviation tracker

Industrial/building
deployments




LoLiPoP loT — Technological Advancements oL iIPeP-lel

Advancement #3 - Service under tight energy budgets

Service retained or enhanced Examples

Tracking UC1 active UWB localization; UC4 telemetry + geofencing + condition alerts
Diagnostics UCS5 process monitoring; UC6 rotating-vibration sensing + Al anomaly detection; UC7
energy-aware PdM
Control UCS8 radiator actuation; UC10 occupancy-aware lighting and comfort control
Retrofit sensing UC9 BLE fuel reporting with inclination compensation for irregular tanks

Advancement #4 - Lifecycle Enhancement

Maintenance burden ) Downtime and reliability

Q Fewer visits O Predictive Maintenance

O Less wiring O Fewer failures

O Fewer battery replacements | Q Safer assets )
Operational efficiency | Sustainability

J Less search time Q Lower battery waste

J Inventory reduction Q Circular 10T deployments

O Better tracking )




LoLIPOP IoT — Reference Architecture |(_3|_ID@D |©—|_

Heterogenous Use Cases revealed common design question

» LoLiIPoP loT encompasses 10 diverse use cases (UCs) across 3 functionalities:

Q Asset Tracking (AT)
Q Condition Monitoring (CM)
aQ Energy-Efficient buildings (EEB)

» These UCs had different energy sources, protocols, sensing workloads, and
deployment constraints.

> AReference Architecture (RA) makes the reusable platform visible without over-
specifying every interface.

The RA is the bridge from project evidence to repeatable design practice




LoLiIPoP IoT - Reference Architecture

oL

oF-lel

. . Y4
LoLiPoP-loT Reference Architecture Concerns Catalogue
Addressing the Cha"e.nge G A3 7 Gl Sl TR w TEIESE o1 The architecture answers what to build. The Concerns Catalogue answers what to ask before you build.
sensors for years without battery replacements or maintenance.
Three-Tier Guidance Instrument
x H Extended with LoLiPoP-loT Long Life loT Concerns:
Tier 1: Q? D Compact set of screening questions that
c ﬁ ((( JD ) Energy Micro-Power Cold-Start Duty-Cycle Algorithmic Screening p determines if a |0ng-||fe loT platform is the rlght
. (@) Harvesting Management Behaviour Optimisation Requirements Questions Y SOIUtion and Wthh parts apply
(« % ) i{gﬁ
. . . . = _ -—|
Two Complementary Long-life IoT Viewpoints for Architects Tap 2 & T =
' o X £ C
_ CATEWAY Structured Q O
VP oL e werevence TR | T e
etwor M I 1 - of Specific, bl - A Specific, bl & COMPLIANCE
Deployment = «® (BGroups)  CITIE s ammboastn  weaors o
= | HHH 1 = i - specification. specification. specification. specification.
Zones | @ Ny it =
o
(ISO/IEC 30141) .\_ _ ool [0 ves| - o
How answers steer ABB|selection & component choice.
VP-02: ALGORIT.HMS & Al _
. Think Tier 3:
Functional Strata Decision LoLiPoP-loT Building Relevant Standards Lessons from
& Cross-Cutting COMMUNICATIONS & CONTROL Akl Block Catalogue (ATEX, MDR, EU Al Act) Project Use Cases
Dimensions Sense & Connect Guidance
POWER MODULES
Power & Sustain
Mapping SO Organizational Architecture
Y Viewpoint.s Communication and Documentation
Catalogue of ABBs & SBBs Reusable Template for EU P _—® Standards
(Architecture & Solution Building Blocks) / =) SMEs . —<—9
( & Research Organisations P ' RESULT: Inputs for VP-01/VP-02 Architecture Diagram
|lIr e
Tested across 10 real-world use cases in Asset Tracking, Condition Monitoring and Building Energy ! Turns project experience into a repeatable, traceable process for greenfield teams.
Efficiency & Comfort VAN Y,

~\




Origins - Requirements and Artefact Libraries IQUD@D—'@T

Requirements Catalogue

N
'Thinking about power' at a very early conceptual stage
e EH domain experts identified areas for architecturally significant A Requirement
requirements will use a
e A structured questionnaire for pre-elicitation was developed
e (Catalogue of Volere template requirements for all Use Cases
a Standard to
o solve its
N\ . .
i . . . . objective
Implementations organized into Libraries
e Components and Standards
e Based on templates from EnABLES EU project
or a Component to
fulfill its HW needs.

Based on EU EnABLES templates




Visibility — communicating the platform ol IPePlel

Components

Make the platform visible Power-Supply Components Power-Consuming Components
e Communicate LoLiPoP-loT externally and EH Power Management Processing Unit  Extension Unit Sensor Actuator

internally ‘*}:-_ E‘,} A E e '{"’\ D
e Promoting understanding *
e Capture the most relevant aspects of the
systems 0
< \ Implemented By I Implemented By
A common high-level architecture Requirements
view & Functional  Usability Performance Constraint
e At the right level of abstraction E % + é etc.
e Interoperable and standardised
e Across all use cases F 1 Fulfilled By
J

) Standards

Right level of abstraction

e A reference architecture works at the @
level of abstraction that all
instantiations share




Related 10T Reference Architectures and Frameworks DUD@D—'@T

[IC/IRA

The Industrial Internet Reference Architecture Edge Tier Platform Tier Enterprise

(IIC/IIRA) Tier
e The three-tier (edge, fog, cloud) Implementation View

architecture pattern maps to deployment networks.
y Proximity i Access Service
\ Network Network Network
oneM2M Architecture
e An loT development platform. Nodes describe service — ) ) )
deployment, not physical devices. A single node hosts Shared principle: deployment and physical device are independent.
multiple layers.
oneM2M
4 Application Service Node Middle Node Infrastructure Node
9
InSecTT (Intelligent Secure Trustable Things), Application Layer
IMOCOA4.E, RAMI 4.0... —
) Service Layer
e All were broad in scope...but none treated energy .
harvesting and power autonomy as first-class Network Layer
architectural concerns. : I
) Underlying
Networks




RAMI 4.0 — Same Goal, Different Domain IQLIP@P—I@SI'

_ o , Layers  Llifecy
RAMI 4.0 is a three-dimensional high- IEC

level map showing the most important Business
aspects of Industrie 4.0.

Information

Communication

It ensures that all participants share @ | ™21 ...

common perspective and develop a L ——
common understanding.

ISO/IEC 30141 construction pattern

e RAMI 4.0 is a construction pattern in the
ISO/IEC 30141 |oT Reference Architecture.

[Plattform Industrie 4.0, Standardization Council Industrie 4.0]




Conforming to Standards

ISO/IEC 42010 — Architecture description

e The vocabulary you need to design a reference
architecture

Stakeholder

4 identifies

oL IPeP-lel

ISO/IEC 30141 loT Reference Architecture

e The foundational loT model to build on.

e Captures the most important concerns and concepts
of loT systems.

One of the primary proposes is to support architects
in the design of architectures and reference
architectures for loT systems.

1.7

has

4 identifies

4 frames

Architecture
Framework

o

1__*

Concern

But: power and long-life WSN are not first-order

e Power concerns and long-life WSN are not a first-
order design constraint in ISO/IEC 30141.

Architecture

Viewpoint
0.*
1.”
. Correspondence
Model Kind Rule

[ISO/IEC/IEEE 42010 - Systems and software engineering—Architecture description, 2011]




VP-01 — Where the components are deployed

VP-01 shows vertical network deployment
zones — classes of components and node

types.

Abstracted from the use-case
representations of their architecture.

Deployment zones map to the networks in
the ISO/IEC 30141 Ed. 2 loT enterprise
system pattern.

oL IPeP-lel

s N N N ™
<= - -
<= A At

Access Network

Proximity Network

Services Network / User
Network

17



Use Case Application of VP-01 BUD@D |©T

)
VP-01 asks one question first: where? c s Y [ N ( \
T e ST N N B = N
e  Each component in the deployment must be placed in a network %
zone — Sensors, Edge Devices, Gateway Devices, or Cloud { Ltoguscoren e J; ——
, e Decn
e Before introducing VP-02, each use case mapped their existing : . . Commiricaion Sor.
: e ; 2
diagrams to VP-01 alone — simplifying the task v l%l m o
Zasessessasencen ] | condiion Monitoring | __I ive Maintenance
= | o
(Ceontaston enageren: ]

1

the design

3 - Angular velocity sensing

e The freedom to apply the views openly made that possible: ideas
that emerged in one UC spread to others, refining the view through
real use

) o [ VDS ] E " Configuration Management Decision Support System
Setup and freedom e ST,
L G I L L .
i i i ' i t (_orer emsgement__] ¢
e Templates and instructions provided a shared starting point, L % WSN Managemert
: N . Nl ST LR y v
supplemented by a UC architecture text description alongside each SRS S Sore
diagram
e The use of legend, grouping, and colours was left entirely up to each e
team — no prescribed visual style, no forced conventions ¢ Y(M—— ) [ ) )
S / ER33.2, ER3.28 ¥ 13 - Data processing
\ | 2 - Temperature sensing [SE-7] r
Co-design and empirical refinement / oz} Sy S
e  The emphasis was not just on checking whether the views worked — Le cown | L2 tcomal ja=
the goal was to let domain experts actively put their knowledge into P —— 7S



VP-02 — What the components are for IQIJP@D—I@-I—

VP-02 adds three functional strata to
———————~ ——

Algorithms & Al

Processing, intelligence and
decision-making distributed
across the system.

Algorithms and Al

J

Communication and control | Communication and Contro
components

Connectivity and control across
the deployment zones.

POWET-TEIated COMPONENTS | S ————— et

Power sources, harvesting and
distribution within the system.

29

19



Use Case Application of VP-02

oL IPeP-lel

[ cvayoorces S cow |

N
From "where does this component live?" to "what does I e —
it do?ll 2 - Temperature sensing [SE-T) —
e The UCs mapped existing VP-01 diagrams to VP-02 e el
. . . . | (e communicstion ccom-11 l" {2 Conmuniaton (CONZ] | s
e Again, the focus was on exploration and collecting new ideas I co— L _ (T
i p= -_—"-_ ’_| - 17 - System management
e Colour coding for background and foreground components ——
3 - Angular velocity sensing
was applied to all UCs sy
10 - Energy storage
J (ues ] (Crourop ] [ Background )
[ seeon ]
\ ~ P

Power Modules & Specific Components — LoLiPoP-loT

specific

e Stratum is LoLiPoP-loT-specific to the project

e Makes EH transducers, energy storage and PMICs explicit and
shows patterns in use case systems

1 — Positioning and
Computation (Algorithm;
ER3.1.3)

4

4 — Positioning Anchor 7 — Data
(Algerithm ; ER3.1.3) Storage

h

2 - UWB TX/RX \
(HW Module; EU-2) UWB

v

g 5 — Communication
(HW Module; E

o
£
2 Onboard PU-3)

0 — Dynamic Energy
Management
(HW + SW Module; Part
of ER3.1.3)

Li-lon

A

y

\ 3 - UWB TX/RX @e“’&
UWB| (HW Module; EU-2) &
5
6 — Communication - Lt
ﬁ— = (HW Module; =
Onboard PU-3)

System management

Wired
Power

(= ][ LoLiPoP ]IBackgrnund][ cots |




The Life-cycle — Power, Sense, Think , Connect, Sustain IQIJp@p-IéI-

SUSTAIN

Sensors Edge Devices Gateway Devices

<0

SENSE |)




Building Blocks - From Requirements to Components DUD@D'@T

N  Architecture Building Block

The Implementation Libraries
e Component Library, Standards Library, and Algorithm & Al
ERs form the implementation base for all building blocks

BB4.2
Energy Harvesting Transducers

e Each component specified with quality attributes so it can
be matched directly to non-functional requirements Solution Building Blocks

e TOGAF 10 defines SBB and ABB % =\
y 4 - N
Architecture Building Blocks — ABBs | PCB 1 LEI_,I'PVP'l e w
o e Capture a set of architecture requirements | EH-EM-1 A
e Direct and guide the development of SBBs \\ Veliiclels e lE LGS S el
\ bearings
) |
Solution Building Blocks — SBBs \_ J
e Define what products and components will implement - — \
the functionality Building Blocks

O Defines a functionality

e Specific functionality, interfaces and attributes -~ _
O Address a specific set of requirements




Building Blocks for all Use Case Platforms DLD@D—I@T
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Long Life IoT Reference Architecture |QLP@D-=IéF

ISO/IEC/IEEE 42010:2022 QO A Viewpoint which frames the concerns of long life loT systems

A

O Views that reflect the application and selection of components for a
Conforms to

set of requirements

ISO/IEC 30141 Edition 2

f Captures (a subsetof) = | gL iPoP-IoT Project Level
Requirements

Conforms to

LoLiPoP-loT BB

LoLiPoP-loT Reference
Architecture

Frames (a subset of)
_ LoLiPoP-loT Component &

Standards Library

LoLiPoP-loT View(s)

Reflects aspect of

to
Implements

Guides functionality of

implementation of

\ 4

Long Life IoT Architecture Long Life 10T System




From Power Challenge to Architecture DUD@D—'@T

. . Addressing the challenge of deploying and maintaining wireless loT
d esl g n con Stra| n t - sensors for years without battery replacements or maintenance.
) Extended with LoLiPoP-loT Long Life IoT Concerns:
- 1

VP-01 shows WHERE it is deployed .
c ((( ) Energy Micro-Power Cold-Start Duty-Cycle Algorithmic

L NetWOrk deployment ZOﬂE‘S anChOF Component h é(_([)) Harvesting Management Behaviour Optimisation Requirements
in a relevant topology ((%)) ﬁ:&.—»

e Mapped to ISO/IEC 30141 networks

/ Two Complementary Long-life IoT Viewpoints for Architects
N
VP-02 shows WHAT is does vt
etwor . 1
Deployment &f @ ( @

P9 ° Power, Connect and Think Zones T | = | =
(ISO/IEC 30141) _,e.‘ 7 em—— =

e EH transducers, PMICs, and energy storage

made explicit at every deployment zone VP-02-
y, Functional Strata
) Dimensions Sense & Connect
1 H o POWER MODULES
Building Blocks: WHAT to use D s
e BBs capture requirements and Components
& implement them Catalogue of ABBs & SBBs Reusable Template for EU
(Architecture & Solution Building Blocks) =) SMEs
e Each component specified with quality attributes & Research Organisations

matchable to non-functional requirements ™

Tested across 10 real-world use cases in Asset Tracking, Condition Monitoring and Building Energy
7\l Efficiency & Comfort Y,




From Description to Construction Support —the

Concerns Catalogue

oL IPeP-lel

“ The architecture answers what to build. The Concerns
Catalogue answers what to ask before you build.

)

Concerns Catalogue

deployments.

J
2 Three-Tier Guidance Instrument
Requirements seeding for greenfield projects _ _
.. ) Tier 1: q‘,? Compact set of screening questions that
\’ Formalizing expert knowledge to guide system Screening 3 determines if a long-life 10T platform is the right
design Questions J solution and which parts apply.
J
N\
Designed around the power-first loT challenge &'&? = y —
Tier 2: =
- o 5Y,
Solving the battery deployment bottleneck and Structured Q fl_% {F —
. . concerns ENERGY BUDGET SENSING COMMUNICATIONS ALGORITHMS TRUSTWORTHINESS
pUttlng the energy bUdget concerns fIrSt (5 Grou S) Specific, measurable | Specific, measurable Specific, measurable  Specific, measurable & COMPLIANCE
p questions before ABB  questions before ABB questions before ABB  questions before ABB
) specification. specification. specification. specification.
\
Screen quantify then SElECt How answers steer ABB|selection & component choice.
’ )
Y Tier 1 screens applicability. Tier 2 quantifies five Tier 3: _ o
. . Decision LoLiPoP-loT Building Relevant Standards L_essons from
concern groups. Tier 3 steers choice of BB and Guidance Block Catalogue (ATEX, MDR, EU Al Act) Project Use Cases
components y
h Mapping Organizational Architecture
. . . ISO/IEC 30141:2024 niza .
ISO/IEC 30141 Construction Viewpoint ._{_,_; [ Viewpoints 1 Communication and Documenation ]
The ISO/IEC 30141 Construction Viewpoint, ._/;.-:r;'_,
speci“zed for energy-constrained' Iong-life WSN -~ & RESULT: Inputs for VP-01/VP-02 Architecture Diagram ]

Turns project experience into a repeatable, traceable process for greenfield teams.




Forward Look

oL IPeP-lel

Completing the framework

o

Long-life loT RA White Paper

Evaluation and refinement

Concerns Catalogue published as an open-

access, community-extensible design
guide

Extending the framework

Complementary views and models

Dynamic and operational views: runtime
and lifecycle behaviour

Integration of simulation models

Catalogue of ABBs & SBBs Reusable Template for EU
(Architecture & Solution Building Blocks) = SMEs
& Research Organisations. — N ®
——
.

LoLiPoP-loT Reference Architecture

Addressing the challenge of deplaying and maintaining wireless loT
sensors for years without battery replacements or maintenance.

Concerns Catalogue

The architecture answers what fo build. The Concerns Catalogue answers what to ask before you build.

| Three-Tier Guid: Instrument ‘

Extended with LoLiPoP-loT Long Life loT Concerns:

= B

- Tier 1: ,
ch & ’)2 Energy Micro-Power Cold-Start Duty-Cycle Algorithmic ' Screening
K iy Harvesting Managorment Behaviour Optimisation Raquirements Questions
pa
e

((é_n) S |

Two Complementary Long-life loT Viewpoints for Architects

Compact set of screening questions that
determines if a long-life loT platform is the right
solution and which parts apply.

s Be B ™ B B

. GATEWAY
:Pt-\T lk !!!!!!! EDE DEVIcES c Concerns ENERGY BUDGET SENSING COMMUNICATIONS ALGORITHMS TRUSTWORTHINESS
tworl 1 - 2 - eag Soacie, . & COMPLIANCE

Deployment b= «: & 1.'5 (5 Groups) acte meemrat | [t B

T = ) iic
Zones L. HH | =—
(ISO/IEC 30141) @0 1 == —

How answers steer ABB|selection & component choice.
. ALGORITHMS & Al

-0z / Think / Tier 3:
Functional Strata Decisi LoLiPoP-loT Building Relevant Standards Lessons from
& Cross-Cutting / COMMUEP::CATL?&? & C:NTROL / Gef:;s'°“ Block Catalogue (ATEX, MDR, EU Al Act) Project Use Cases
Dimensions nse nne uidance

POWER MODULES

Power & Sustain

ISO/IEC 30141:2024
Viewpoints

Mapping [

v e——  *
—

Organizational Architecture
Ci ication and D i

Standards

-— I *

RESULT: Inputs for VP-01/VP-02 Architecture Diagram ‘

Tested across 10 real-world use cases in Asset Tracking, Condition Monitoring and Building Energy Turns project experience into a P forg teams.
Efficiency & Comfort VAN Y,

Beyond the project

LoLiPoP-1oT RA in the INSPIRED proposal,
the next project can begin where this
one ends

Road to standardisation is prepared

The Reference Architecture is designed to be extended. Contribute a
use case. Add a model to the viewpoint. Propose a building block from
your components.

J

The Reference Architecture is yours to build on.

https://www.lolipop-iot.eu/




LOng Life gﬁhlpSJU EUROPEAN
Power Platforms

PARTNERSHIP

for Internet of Things =
ol IPelPlel

Thank you!

Mathias Axling, CNet Svenska AB
Aditya Singh, Tyndall National Institute

Supported by
u ANALOG
DEVICES

@ edacentrum
- -
= TRI BOStOIl BRND ;:—_ eesy

Arcelik Seraitific Bm. CONT0Q @ = = CSem JoePuysyntnes

AHEAD DF WHAT'S PDSSIBLE™ - — Advancing science for life™ AACERl ————— CNR - IENIT COGNITECHNA o

- 'T - -0 CLCCLCTL .. (3

Zi Fraunhofer lTrl e c In ineon_ Ins s !&c’;:lm: @ MARARA

,-‘-{( @j_gnj_fy ﬁFunﬂw gﬁg&g

INNOVATION
* [ 4
MeshWorks
UNTVERSTT Y

,,,,,,,, Mittuniversitetet *
tdua  Tues

OFFCcode
N uNRsITY miromico NO]dllS F
“““““““ ohm

€ Tyndall )

POLITECNICA

Zens



	LoLiPoP-IoT �Reference Architecture and �White Paper
	Presentation Outline
	Introduction:  Internet of Things (IoT)
	Research: Power IoT Challenge
	Foliennummer 5
	Foliennummer 6
	LoLiPoP IoT – Technological Advancements 
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Origins - Requirements and Artefact Libraries
	Visibility – communicating the platform 
	Related IoT Reference Architectures and Frameworks 
	RAMI 4.0 – Same Goal, Different Domain
	Conforming to Standards
	VP-01 – Where the components are deployed
	Use Case Application of VP-01
	VP-02 – What the components are for
	Use Case Application of VP-02
	The Life-cycle – Power, Sense, Think , Connect, Sustain
	Building Blocks - From Requirements to Components
	Building Blocks for all Use Case Platforms
	Long Life IoT Reference Architecture
	From Power Challenge to Architecture 
	From Description to Construction Support – the Concerns Catalogue
	Forward Look
	Thank you!

