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Kdo smo?

Slovenska strategija trajnostne pametne specializacije (S5)

A\ (B) @

Kaj je S5? 10 prednostnih podrocij Proces podjetniskega odkrivanja
o Nacionalna strategije pametne Pavmetna mesta in skupnosti, Pametne zgradbe  Stalni dialog med drzavo, akademsko sfero,
specializacije in dom z lesno verigo, Mreze za prehod v podjetji in regijami o tem, kje so dejanske
o Tematski omogoditveni pogoj za Cilj krozno gospodarstvo, Trajnostna pridelava orebojne priloznosti
politike 1— Konkurencnejsa in hrane, Mobilnost, Tovarne prihodnosti, Zdravje
pametnejsa Evropa — medicina, Informacijske in komunikacijske

tehnologije (IKT), GoDigital, Materiali kot koncni

Podpira dvojni prehod (zeleni, JJ=\ oL
- Pocie ol e el produkti, Trajnostni turizem

digitalni)i

—@ Semanti¢na analiza, MKRR 17.11. 2025 O




Prednostna podrodja Strategije S5 so bila

I pravilno/nepravilno zastavljena, na podlagi
H I pOteza pomanjkljivin informacij.

Napoved ,state of art” tehnologij je bila
pravilno/nepravilno zastavljena.
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Cilj

Izvesti semanticno analizo dejavnosti
in rezultatov raziskav, razvoja in
inovacij (RDI) iz izbranih mednarodnih
podatkovnih baz z uporabo orodij
umetne inteligence.

Metoda: Kasifikatorjj,

kategorizacija, modeliranje tem,
hibridni model (2. faza)

Type of
document

Data Source

Number of
documents in
Slovenia

Number of distinct
actors in Slovenia

Scientific

publications
(only those with a DOI)

OpenAlex

~84,000

Patents

(applications, to any
patents office)

Patstat

~8,200 application
ids,
~4,100 patent
families

Horizon
projects

Cordis

~1,600

ERDF projects

Kohesio

~8,400

Interreg
projects

Interreg

~930

~7,400
disambiguated actors
across the data
sources
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Kako ucinkovito in verodostojno presejati veliko kolicin besedil iz razlicnih

Dostopnost podatkov

Prosto dostopne baze podatkov vs.

placljive baze podatkov

Primerljivost baz

—@ Semanti¢na analiza, MKRR

baz podatkov

2
N

Zanesljivost podatkov
Kakovost in struktura
Zmogljivost modelov (kalibracija)

Prekrivanje tem in horizontalnost tem
(viSja zahtevnost klasifikacije)

Obremenitev kadra

Delo ekspertov v S5 ~100 ur na
eksperta za vzpostavitev klasifikatorjev

0,8 FTE za obdobje 6 mesecev (vodja
projekta)

17.11. 2025 O



Metodologija

—@ Semanti¢na analiza, MKRR

Priprava podatkov: obsezen korpus dokumentov RRI'iz vec
mednarodnih virov podatkov, iz odprtih podatkov, vkljucno
z znanstvenimi publikacijami (OpenAlex), patenti (Patstat) in
projekti (Horizon/CORDIS, Interreg/Keep.eu in
ERDF/Kohesio). Ti podatki so bili standardizirani in
integrirani v strukturirano bazo podatkov za analizo.

Razvoj taksonomije

zacrtanje vecnivojskega klasifikacijskega okvira
binarni klasifikatorji + tehnike modeliranja tem >
prepoznavanje tematskih skupin znotraj in med
prednostnimi podrodji

Postavitev semanticnega modela: LLM + fine-tuning
(hibridni pristop)

Klasifikacija vseh dokumentov: 50 kljucnih tem na celotnem
podrocju pametne specializacije in 10 do 20 na
posameznem PP

Identifikacija in klasifikacija organizacij: Identificirali, razjasnili
in klasificirali smo organizacije, vkljucene v slovenski
ekosistem RDI, glede na njihov tip (akademski/raziskovalni,
industrija, javni sektor) in clanstvo v SRIP (strateskem
partnerstvu za raziskave in inovacije).

17.11. 2025 O
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. Objectives and summary of the methodology

SIRIS | rorornse @.

Al-powered classification - Methodology overview

Challenge

% Classifying 100,000+ documents into 10 Slovenian S5 priority
areas require innovative Al-human expert collaboration.

% Large amount of training (pre-classified) data is needed for
models to learn patterns in the data and make predictions.

Methodology breakdown

LLM-based initial
classification

Expert calibration Training

== -

Domain experts review
the Al-generated labels
to refine inclusion/
exclusion criteria

Automatic classification
using a large language
model (LLM)

Innovative approach

< Combining Al capabilities with expert annotations
ensure accurate and scalable classification across
diverse RDI documents.

Key contribution by six thematic experts from the
Cohesion Ministry’s S3 Unit for Calibration and
Evaluation in January and February

Generation of training set
with LLM annotations
using refined categories
and model fine-tuning

Gold standard Model
> creation > evaluation
Experts manually validate/  Measuring performance

annotate documents against gold standard

annotations



9 1. Objectives and summary of the methodology

Smart Cities and Communities

Information and Communications Technology (ICT) -
ontal Network

Smart Buildings and

Health

Digital transformation

Smart, almost passiv

Smart devices, sensors and tele-medicine

i5 and promoton of

refated to digial ransformatian, including user

Modular and mobie dv

Monitoring the functional health pasameters and the
qualty of living in smart iving environments

term care for patients, the elderly and

Green & Digital - Digital transformation related to digital
and green iranshion

Fast construction systc

ersonalised long-
other arget proups Digtal o and putkc
‘Smart integrated healthcare and patient care system ::Ig::l"" ©f Things, embedded systems and Massive constnuctions
phshi eprated healthcare and patient | Mobile, wireless and edge infrastruciure and
1em ications for loT {including 56 and 6G) {nierior and architectur

0T platforms and services

Construction

Energy transformation, distribution and management

Embedded sensor systems for loT

Mulifunctional elemen
envelope

Comprehensive support for water services

108 (Intemet of Services, platforms)

Joinery and wooden cl

Maobility, transport and lagistics.

for the ol
i ie. the third platform

121 oau
S

Carbon neutral sacisty

(Open urban data platiorms

Using aggregate mobiliy data for betier Understanding of
the migration dynamics within & municipality s well as
between

Innovative oS services related to the Blockchain
echnlogy

Forest, timber and wot

Smart city raffic planing

Cyber security

Multimodal mobilty pletiorm

of security products and services

Light and lighting solut

“the baseline table”
(S5 Priloga Tabela)

IS

SIRIZ | #ewoeme

Target analytical taxonomy

S5 - 1st level
Smart Cities and

Communities

Slovenian S5

. . Factories of the Future
Priority Areas

Classification method: Top-down classifiers for the 10 S5 PAs

S5 - 2nd level

Smart Cities and Communities - Topic 1 Factories of the Future - Topic 1

Automatically

Smart Cities and Communities - Topic 2 Factories of the Future - Topic 2

identified topics

(10-20 topics per Priority area) (10-20 topics per Priority area)

Classification method: Automatic identification of topics within a S5 PA, via topic modelling
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We look at the documents classified in
each priority area, and perform a Topic
Modelling to see emerging subtopics
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11 1. Objectives and summary of the methodology SR~ (& [

Summary scheme of the full methodology

OpenAlex : Training and Automatic
evaluation of the Classification in

v

—
(—

PATSTAT

v

N
—

CORDIS :
(Horizon) : S5 Priority Area
~ Data integration Slovenia S5 e topic modelling

— : & normalisation RDI Dataset
v .

Keep
(Interreg)

S5 classifiers the 10 S5 Areas

Presentation and Report

1. Localisation in Slovenia

i
1
] |

2. Disambiguation of actors il AN

A : within and across data Transversal topic
. sources modelling

Ll ]

y

‘-*‘NH-

1
RULTA ALY
|

~ @ @~ 3. Classification by type

4. SRIP membership Interactive
Sicris (actors) : dashboards

v : e e n s omomomoEoEoEoEoEoEoEoEoEoEoEoEEEoEoEEEoEoEmas * '
Data sources Project results



w
Cilji in povzetek metodologije SR~ (& [

Razvrstitev slovenskih RRI dokumentov po prednostnih
podrocjih S5 - od zgoraj navzdol

Stevilo dokumentov v Prednostnem podrocju S5 glede na tip dokumenta
@ objave 0 Kohesio @M Patenti @M Cordis @B Interreg

Brez prednostnega podrocja
Zdravje - medicina
IKT
Materiali kot koncni produkti
PMiS
Tovarne prihodnosti
Mreze za prehod v krozno gospodarstvo
Trajnostna hrana
Mobilnost
PSiDL

Trajnostni turizem

0 10k 20k 30k 40k 50k



Stopnja
(so)prekrivanja
med
prednostnimi
podrocji S5

TOP

HOM IKT

MATPRO

PSIDL

Mobhilnost

Krozno

PMIS

Hrana

Turizem

Zdravje

edinstveno

0.02 0.23

0.06 pONSS

0.06 pO:SS

0.30

0.53 0.53 O 0.31 0.14

TOP KT MATI PSI Mobi Krz PM Hr Tur Zdr

SA, 11.4.2025 - Understanding the distribution of RDI activities across the S5 areas




Understanding the overlap between S5 Priority Areas and the distribution of data sougﬁg per

A-CeA-D-E-M-1-C

Areas

Factories of the future
Documents Health and
Medicine
classified in o
mUItiPIe Ss Materials as End
PI"iOI"ity Products
Areas (co- Mobility

Circul
occurrence) Econamy
Smart Buildings and
Homes

Smart Cities and

Communities

Sustainable Food

Sustainable Tourism

181

102

7

Factories of
the future

70
86
27 5
| Health and|’ ICT ' Materials as
Medicine End
Products

33

79

Mobility

1.1k

dad

189

Circular
Economy

1.06k
64

193

Smart
Buildings and
Homes

81

361

Smart Cities

I Sustainable

Color scale shows the level compared to the levels of all cells. Period: 2014 - mid 2024.

81

95

Food

© @

27

324

79
189
193
361

95

|
Sustainable

Tourism

e Some S5 Priority Areas are very transversal, with significant output shared with several Priority Areas : this is the case of Factories of
the Future, Health and Medicine, ICT, Smart Cities and Circular Economy.

. Qn contrast, other S5 Priority Areas have lower levels of co-occurrence of their scientific output with other Priority Areas, except-with
the most transversal ones : this is the case of Sustainable Food, Sustainable Tourism, Smart Buildings and Homes, and Mobility



15 1. Objectives and summary of the methodology SR~ (& [

Identifying relevant RDI topics automatically via Topic Modeling:
How does it work?

Topic Modelling (TM) is a machine learning technique that serves to automatically “discover” the topics from a collection of texts (in
this case, titles and abstracts of scientific publications and R&I projects).

Semantically-similar texts, identified by deep learning models, are clustered together, forming the topics.

Photogrammetry and 3D Modeling . $e 8
o:..:. .:. -
[ LY e® ®e
‘.’ '"l‘:'-.' o ..
GenAl + human wiven MOCTI R
review o® o et :
\ke* . - e e
e“"\c S . . .... .
photogrammetry, \)‘0((‘ O § \oo®. < d
photogrammetric, scan, P‘{(}‘(é" » .‘-. L %%t %80, e
. . og qo0 & g L4 : .
architectural, archaeological / ot e oF o S .
excavation, model e °° °° AR o Y
. e M > L]
archaeological, : . .
reconstruction, 3d survey, J ':-_’ s ®e 0" . 0 o o
monument, camera o® .. $°3 .
: u; « %o 2
oi:! .. :...' »q s
e . ‘e . *
o



16 1. Objectives and summary of the methodology SIRIE_ reveeec (52

Identifying relevant RDI topics automatically via Topic Modeling:
How does it worlk?

Example of a topic modelling, unrelated to Slovenia

First, we use SPECTER*, a transformer- Photogrammetry and 3D Modeling “$
based model to convert texts into vectors. K

GenAl + human
review

Second, vectors are clustered into topics _c@\“
. . 6\)
(using clustering method called K-Means). photogrammetry, W@“\&o“
photogrammetric, scan, g*‘(""

architectural, archaeological /

excavation, model

Third, we use generative large language archaeological,

. reconstruction, 3d survey, :."
models and human expert curation to monument, camera .
produce labels for each cluster. -

—O o—

* “SPECTER [is] a new method to generate document-level embedding of scientific documents based on pretraining a Transformer language model on a powerful signal of
document-level relatedness: the citation graph.”


https://arxiv.org/pdf/2004.07180.pdf
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All the documents are clustered into 50 topics,
and the topics automatically labeled for human inspection

Period: 2014 - mid 2024



— e o gl 5. Indicators on Slovenian R&I

18 |.Objectives and summary of the methodology SIRIG resoer | (5 .

An interactive dashboard is built using this methodology: this presentation showcase§ithe main
results.

1. Overview of the Slovenian RDI activities in the S5 Priority Areas, their 3. RDI International benchmarking in publications and patents, using the orlglnal
evolution, and their thematic content classifications systems of their data sources

Not st pear and
pros
Normalised Citation index (NCI) vs. Speciaisation indax [Sil, by OpanAlex Field, baselines EU27 and EU13 [table]
AAAAAA ol
Evolution of number of documents per type H Evolution of number of documents per type, relative contributio i
[ Tr———— conts () ey _—r G
_ms=_ B EIEEENEEEEER B mmeescmecwmbop sm oss
— . -
- -
g m =
«««««
I wwwww

:::::
How are Slovenian RDI activities and results aligned with the S5 Priority Areas? Which kind of actors are behing these activities? How do they
distribute across the S5 priority areas? How do they evolve over time? = K censdMesesy s anm
The classification of documents ks based on G8ep lsaming ciassifiers rainad sg-hos for the Currant project, and ppYSE 1o the ttes Bnd SUHTaCts/descriptions of pUBRCations, Pstents and projects. ADD TITLE AND LINK
TO DELIVERABLES D1.2 and D1.4

S1va NCI, filter on S5 area, benchmark can be selected
Number of documents per S5 Priority area, by type
- io (D p -
.

2. Focus on individual S5 Priority Areas

Actors summary Indicators per 85 Priorty Area ¥0 i
Number of documents per §5 Priority area, by type H

4, Indicators on Slovenian R&I actors
in the S5 Priority Areas and the SRIPs S — e C——

;;;;;

actors in the transversal topics




Razumevanje porazdelitve in razvoja slovenskih RRI dejavnosti v SRIé @ .
prednostnih podrocjih S5 !

Casovni razvoj koncentracije dejavnosti RRI na prednostno podrocje S5 (v % skupaj, normalizirano glede na velikost vira podatkov)

0 brezPredn. P. IKT <O dravje-medicina PMiS -0~ HKrozno -O- TOP
PSiDL -~ Materiali kot koncni produkti Trajnostni turizem -0~ Trajnostna hrana Mabilnost o
0.35 -
0.3
0.25
0.2
—
J — ______,_.-—-"""_
0.15
i //’><//7 o
005 _ - _ — —
0 T T T
2015 2016 2018 2020 2022 2023

o Ugotovitve:
o zmanjsujejo se dejavnosti, ki se ne nanasajo na nobeno prednostno podrocje, kar izraza pozitiven
trend specializacije in
Qo nedavna relativna rast SRIP Krozno gospodarstvo in SRIP Mobilnost. O—



Benchmarking of publications to the EU 27
Normalised Citation Index (NCI) vs. Specialisation Index (Sl), by OpenAlex Field.
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Razumevanje prekrivanja med prednostnimi podrocgji S5 in porazdelitev virov

podatkov po podrogjih
Kljuéni vpogled

Precna prednostna
podrocja

Tri od prednostnih podrocij S5 so zelo
medsektorska.

Prispevajo k Stevilnim drugim, ne da bi
sami imeli izstopajoco edinstveno
dejavnost:

e Tovarne prihodnosti
e Pametna mesta
e Krozno gospodarstvo

J

v

Ma@delei edinstveno razvrscenih dokumentov

prednostnem podrocju S5, vecji delez
soobstoja z drugimi podrogji

wee

Tri od prednostnih podrocij S5 so zelo
medsektorska, obenem pa imajo tudi
mocno edinstveno dejavnost na
svojem podrocju:

e Zdravje - medicina
o IKT
e Materiali kot koncni izdelki

Vedji delez edinstveno razvrscenih dokumentov
na prednostnem podrocju S5, vedji delez
soobstoja z drugimi podrogji

Rz O |

PP s pretezno
edinstvenim jedrom

Preostala Stiri prednostna obmodja
imajo veliko bolj edinstveno jedro:

e Mobilnost

e Trajnostna hrana
e Trajnostni turizem
e Pametne stavbe

Vedji delez edinstveno razvrscenih dokumentov
na prednostnem podrocju S5, vedji delez O
soobstoja z drugimi podrogji



Agrozivilstvo

Grajeno okolje

Mobilnost

Napredni industrijski sektoriji ( stroji,
materiali,

IKT / digitalni sektor

Zdravstvena industrija in zdravstvene storitve
Turizem

Digitalizacija

Trajnost in kroznost

Napredni materiali in napredna proizvodnja, vklju¢no z robotiko in optiko/laseriji.
Zelene tehnologije in okoljske znanosti
Biomedicinske raziskave in biotehnologija




Resitev izziva
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Prednostna podrodja Strategije S5 so bila pravilno
zastavljena. Nacrtovanje PP in ,bottom-up” proces
v okviru procesa podjetniskega odkrivanja (EDP) je
bil ustrezno upravljan.

Napoved ,state of art’/“beyond state of art”
tehnologij je bila ustrezna.

Transformacija prednostnih podrocij po letu 2027.
Semanticna analiza ni nadomestilo za EDP
kvedjemu je lahko podpora temu procesu
podjetniskega odkrivanja.

Transparentnost metodoloskega pristopa je nujna.

RRI sticisce kot logicni naslednik (odprto vprasanje).

Rezultati analize predstavljajo analiticno podlago in
ne uradnega stalisCa drzave.



»Lessons learned«

Brez dobrih podatkov ne gre.
Izkuseni izvajalci so plus.

Interpretacija izsledkov raziskav na podlagi modelov umetne

inteligence je kljuCnega pomena.

Motivirani sodelavci so zlata vredni.

— Semanticna ana liza, MKRR 17.11.2025 O———



Semanticna analiza

raziskovalno-razvojnih in
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