State-of-the-Art Tool




State-of-the-Art: Main Process

The provides a structured process to identify cutting-edge technologies and industry
trends. It combines quantitative analysis and qualitative expert insights that leverage public data for patents,
publications, and academic citations together with trending data from professional databases in a process

augmented with standard Al technologies.

This tool offers a comprehensive framework for:

A systematic approach to explore industry trends and
pinpoint potential technologies using both high-level and low-level searches.

Insights into the features, market penetration, and
applications of identified technologies, enabling informed decision-making.
. A step-by-step guide to exploring patents and academic

publications to understand how technologies are evolving and where innovation is

happening.



Color diagram:

Upper-level

Lower-level

Introduction

Description

A task, which analysis is to
perform

A generalized description of
the database, where the
information can be found

Used technique to deal
with (obtain, reduce,
generalize) the information

One or several of the possible
solutions obtained by
following the proposed way

List of the helpful links:

Academic Publication: Wiley, ScienceDirect,
|[EEE Xplore, WebOfScience, Google Scholar

Professional Databases: ResearchGate,
ASME, LinkedIn, IVT International

Generative & Generalization tools: ChatGPT,
Connected Papers

Market Search: Statista, Precedence
Research, StraightResearch, Fortune
Business Insights, Roots Analysis, Markets
and Markets, Mordor Intelligence

Technology Analysis: Statista, Dimensions,
Google Patents



https://onlinelibrary.wiley.com/
https://www.sciencedirect.com/
https://ieeexplore.ieee.org/Xplore/home.jsp
https://www.webofscience.com/wos/woscc/basic-search
https://scholar.google.com/
https://www.researchgate.net/
https://www.asme.org/
https://www.linkedin.com/
https://www.ivtinternational.com/
https://chatgpt.com/
https://www.connectedpapers.com/
https://www.statista.com/
https://www.precedenceresearch.com/
https://www.precedenceresearch.com/
https://straitsresearch.com/
https://www.fortunebusinessinsights.com/
https://www.fortunebusinessinsights.com/
https://www.rootsanalysis.com/
https://www.marketsandmarkets.com/
https://www.marketsandmarkets.com/
https://www.mordorintelligence.com/
https://www.statista.com/
https://www.dimensions.ai/
https://patents.google.com/
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Process Flow Map: Trends and Technologies Identification

D == -

search

Technology Selected teLcif\tn(())ro
technologies -

Upper-level

f

Lower-level

TRORN:




Upper-level search (trend)

-

Ktherature Review
(Academic)
® Professional Organizations
Database / Networks

® Trending data

N

—

e Keywords: Trends & Review

e Manufacturer & industrial
database

e Contractor's machinery, etc.

KReaIity—driven Solutions )
¢ Environmental sustainability
® Increased autonomy

- /




Low-level search (Technologies)

Technology search >
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Result Generalization:
Discovery Framework: | getting technologies,
what to do, and where | research groups &

go to applications
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Low-level
search in
details

/
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Search for peer-reviewed journal articles and book chapters (including open access content)

Advanced search

Find articles with these terms In this journal or book title Author(s)

trend-ncme‘

Enter keywords and select fields.

<3 n

— Search Term

Trend / sub-trend All Metadata - 9

Search Term
AND - (sub—trend <: in  All Metadata - m
[ ) e <9 < |
- Pl
~  Title Example:
robot*

Author
control®

Publication Titles "input shaping"
,  YearPublished
Affiliation

Funding Agency

Advanced search

Find articles

with all of the words trend name

<A
sub-trend <:

with the exact phrase

with at least one of the words
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without the words
where my words occur

_ in the title of the article



Low-|evel ——
search in
details

Trend name

Search ResearchGate

Q_ Trend name <:
Research <:|Journa|s People
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Q trend name <j M Sewen

Al Reports  Tools  Webinars  Podcasts  Blogs  Charts & Figures

Low-level
search in

Sort By
Relevance -
Date Range
L4 Al time v
Region v
Rosaaren Type v <:
Select topic ~ <j
Q, Trend * Advanced v
Search for:
B Companies  [: Contacts  [] Investors S FundingRounds 3+ Acquisitions 2 People (3 Events  ® Schools @ Hubs
[ ORGANIZATIONS §
- ProPLE | Examples
® HuBs
Search tools Text Classification Chemistry Measure Numbers
= ‘ Trend <j
B + Full documents Title Abstract Claims <j
(€)] « Al Any Exact Not

Add AND condition << @ @
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ChatGPT example for Reality-Driven Solutions

Based on Databased: ASME, LinkedIn, Researchgate; Literature review: N um be r Of
SaenceDirect, IEEE Xplore, WebOfSaence; TechPlatform: Forrester, .
technologies

CrunchBase. Give me /- technologies within Reality-driven Solutions

Based on databases like ASME, Linkedin, ResearchGate, and literature reviews from platforms such as
SaenceDirect, IEEE Xplore, Web of Science, along with insights from tech platforms like Forrester and
CrunchBase, here are five key technologies within the Reality-Driven Solutions trend:

1. Digital Twins

2. Augmented Reality (AR) for Field Services
3. Edge Computing in loT Systems
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./.* CONNECTED PAPERS Q, Reality-driven solutions in heavy machinery <:

Data-Driven Condition Monitoring of Mining Mobile Machinery in Non-Stationary Operations Using Wireless

Avel, 2023
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Sembakutti, 2018
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Procedure: Select among Potential Technologies

e List of Potential Technologies within the trend (Examples)
Technology

Pool

* Assess scalability: Statista, web of science (by categories or/and
sustainable development goals)

Filter ® Assess possible demand, ex.: Eurostat, roots analysis, etc.

¢ Search to determine suitability

¢ Reflect your own/group/professional expertise
Double . . -
check e Select technologies according to your goals/opinion

- e Digital Twins and Simulation (see continuation on the next slide)
INna

Examples
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’rocess Flow Map:

echnology Status Overview

List of

technolo Descrlptlon
gies

Technology Related

understand |
ing technologles

Benefits J— Main pIayersJ
Market Industry
growth applications
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Procedure: Technology Description

Examples
* Briefly describe what the technology does S eliehiEl B 5 & el Vil
o o model of a physical machine to
Define  * Explain its core principles and capabilities monitor and optimize performance.
Technology
e Break the technology down into its essential parts Digital twins integrate sensors, data
e Briefl lain h h t ol le in th transmission  systems,  simulation
rietly exp a!n OW each part plays a role in the models, analytics engine and user
Components overall function interface.
. . . . . Digital twins are used in mining
* Briefly introduce real-world applications in equipment to allow operators 1o
mu|t|p|e industries monitor  real-time  performance,
Applications e Briefly describe use cases in the analyzed industry glicteltes PREINIEE el ] Ieelis

downtime, improving efficiency.




Procedure: Technology Benefits

» Explain how the technology improves efficiency, reduces costs,

Efficiency or enhances productivity in relevant processes

improvements

e Highlight the social and environmental sustainability benefits
of the technology

Sustainability ® Explain how the technology reduces environmental impact and

Sene s improve people’s safety, health and wellbeing
e Explain how the technology optimizes processes and improve
Opersiiens operational resilience (i.e., anticipate and face disruptions)

improvements

Examples

Smart sensors can alert operators to
potential failures, enabling proactive
maintenance, which avoids costly
unplanned downtime.

Autonomous systems in  mining
reduce the need for human presence
in hazardous areas, improving safety.

Al-driven  predictive maintenance
identify early signs of wear or failure,
allowing the addressing of issues
before they occur.




Procedure: Technology Main Players

Examples

« List leading companies or organizations that Digital Twins
develop or provide the technology Large players: Siemens and Ansys

‘ : i I : M Algori
keyplayers |« Separate large corporations from niche players | | Mehe players: Mevea and Algorix

. . . Smart sensors
e Classify main players into technology Developers: Bosch and ABB
o developers, service providers or end-users Service providers: Consulting and
Categorization technology integrators
e Highlight organizations that have established Caterpillar is the pioneer and leader
themselves as leaders in this technology of autonomous mining systems.

Market leaders




Procedure: Technology Applications

* Identify how the technology is applied in various industries
Sector-

specific use

e Highlight what benefits the technology brings to these

industries
Key benefits

e Mention new or emerging applications where the technology is
gaining traction
- e Discuss how the technology is being used differently across
Applications regions or countries

Examples

In agriculture, Al-driven robotics are
helping optimize harvests and reduce
manual labor.

Autonomous trucks can operate in
remote, dangerous environments,
reducing the need for human
presence.

Electric machinery adoption might be
higher in Europe due to stricter
environmental regulations.




Procedure:

echnology Market

* Provide data on the current market size of the technology
e Use market forecasts to show how the technology is

Market size

expected to grow over the coming years

e Break down the market by industry, region, or other

Market segments

segmentation

e |dentify factors driving market growth and barriers or

Drivers and
challenges

challenges facing the market

Examples
6gital Twin Market

By Type of Twin, 2024-2035 (USD Billion)

Roots Analysis \

USD 12.8 Billion
. - Value in 2024

Parts Twin Product Twin

Process Twin = System Twin

41% CAGR
2024 - 2025
41

32 — BB

21 —

= USD 240.3 Billion

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 Value in 2035

hitps://www.rootsanalysis.com/

( Global Digital Twin Market Share, By End-user, 2023
>

oy
". =ii:;;":£ff“

&

Drivers: Growing demand for
automation, increasing focus on
sustainability.

Challenges: High initial implementation
costs, regulatory hurdles.
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Procedure: Related Technologies

* List complementary technologies that are
commonly used in conjunction with the
Complementary . h |
technologies main techno Ogy

* Present the technology in the context of a
larger technological ecosystem, showing
how it fits into broader industry trends

Ecosystem view

* Include examples of solutions or systems
where multiple connected technologies
Examples are deployed together

Examples

Predictive analytics uses data from
digital twins to forecast machine
failures.

Autonomous vehicles rely on an
ecosystem of technologies like
perception systems, Al, LiDAR, and
GPS.

Autonomous mining trucks use Al,
perception systems, and smart
sensors  to navigate complex
environments and avoid collisions.




Process Flow Map: Technology Diffusion
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Analyze Results

16,238 publications selected from Web of Science Core Collection

Web of Science Categories v <j

Search in: Web of Science Core Collection v  Editions: All v I

DOCUMENTS  CITED REFERENCES  STRUCTURE

Topic <j v

[ + Add row ] [ + Add date range ] Advanced search

Analyze Results

Example: oil spill*
[ -, Sub-Trend, Techno x

16,238 publications selected from Web of Science

Final Publication Year @

Document Types

Researcher Profiles

Authors

Web of Science Categories @
Citation Topics Meso

Citation Topics Micro

44 @ Web of Science Index |
Affiliations

Affiliation with Department @ W
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Trend, Sub-Trend, Technologyi <:

(O Fulldata @ Title and abstract (O DOI

FILTERS FAVORITES Search in:

PUBLICATIONS DATASETS GRANTS®  PATENTS®

29,335 2,380 4578 15,098

CLINICAL TRIALS®  POLICY DOCUMENTS ®

64 19
P overviEW ~
Citations Citations (Mean)
297K 10.14

10,000

TRORA

-8~ Publications (total)
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Search tools Text Classification Chemistry Measure Numbers

— <—

@ Full documents v Title ~/ Abstract Claims
@

v All Any Exact Not

Add AND condition

TI=(digital twin) OR AB=(digital twin) Q

:> ¥ Download + Il Side-by-side

¥ Download (CSV)

¥ Download (CSV) with
Concepts

¥ Download (XLSX)

¥ Download (SPIF) {{ @ ﬁ
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patent name, country of
application and grant date

. Filter relevant fields, including

TIORN,



« Obtain trend and bar charts from
the Excel file's filtered data

« Recommended time period -
from 2000 to date

« Order the graph of patents by
country from highest to lowest

Obtain graphs

Granted Patents Granted Patents
1200 6000
1000 5000
. . . 800 4000
Digital twin
| ] 3000
examp e 100 ,
2000
200
1000 I
0
588388588 2cppyeereagoQgQ 0 R —
RRRARRRRAREARSRARSRERRISRSR Us ©N JP EP KR TW CA DE RU AU
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