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1. Introduction

Measuring innovation is possible and necessary [65], and 
patents are the most important and frequently used statisti-
cal indicators of inventive activity and technological innova-
tion [1-3, 66]. Patents represent intellectual property, which 
according to dictionary definitions is the idea, invention, or 
creation that can be protected by law from being copied [67]. 
World Intellectual Property Organization (WIPO) refers the 
intellectual property as creations of the mind, e.g. inventions, 
literary and artistic works, designs, symbols, names and images 
[68]. The creative works should be presented in a format that 
allows for dissemination and enables others to replicate, emu-
late, or produce them [69]. The original reason for patenting 
was to encourage innovation and promote economic growth by 
providing incentives for invention and commercialisation [4]. 
Obtaining intellectual property rights is an important issue for 
both academic and commercial entities, as well as entire coun-
tries as a predictor of economic performance [5, 66]. A region’s 
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ability to achieve high economic growth is closely linked to the 
use of new, innovative technologies [6].

The global patent system allows the submission of a patent 
to any national patent office to obtain protection in a selected 
country or the European Patent Office (EPO), which allows 
protection in European countries. Submitting patents to the 
World Intellectual Property Organization (WIPO) under the 
Patent Cooperation Treaty (PCT) is also possible. PCT, estab-
lished in Washington in 1970, in 2024 provides applicants with 
the opportunity to secure patent rights in 157 states that are 
signatories to the Treaty [70]. Determining the patent class is 
an important element of the application procedure that helps 
organise and search for patent information. Main patent clas-
sification systems are International Patent Classification (IPC) 
and Cooperative Patent Classification (CPC). IPC and CPC 
are compatible, with CPC offering greater detail. The layout 
of complete classification consists of a section (designated by 
one of the capital letters), class (two-digit number), subclass 
(a capital letter), and group (either main groups or subgroups, 
consisting of two numbers separated by a stroke) [71]. The 
classification of patents in both systems facilitates the search, 
analysis, and management of patent information, thereby 
enhancing the ability to conduct comprehensive research.

In recent years, there has been a growing interest in map-
ping and studying development trends in various technologies 
utilising patent data, e.g., blockchain [4, 7], nanotechnology 
[8], pharmaceuticals [9], wind [10] or solar [11, 12] power tech-
nologies, hydrogen production [13], artificial intelligence (AI)/
machine learning [14], construction robotics [15], electronic 
design automation [16], Internet of Things [17]. Patent data-
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base searches provide an understanding of the level of devel-
opment of a wide range of innovative technologies and offer 
insights into their future direction to make innovation more 
effective. It is believed that systematic screening of the knowl-
edge contained in patents is a key component of innovation and 
technology management and it contributes to identifying tech-
nical expertise in emerging technologies and allows the seizing 
of technological opportunities [18, 65]. It is an integral part of 
technology forecasting, development and adoption [19]. Pat-
ent analysis is an important source of anticipatory intelligence 
in various foresight studies conducted by policymakers and 
industry actors [20–22]. An example might be the increase in 
patent activity reflecting technological advances in generative 
artificial intelligence. The number of patents increased from 
733 in 2014 to over 11 600 in 2022, when OpenAI’s ChatGPT 
demonstrated the capabilities of large language models to the 
public, and reached over 14 000 in 2023 [72].

The article aims to conduct an in-depth analysis of patent 
activity in automation and robotics. Advances in modern auto-
mation and robotics technologies are of great importance, affect-
ing not only industrial progress but also contributing to human 
welfare [23] by improving the quality of life for individuals and 
entire nations [24]. Robotisation has the potential to increase 
regional consumption, investment, income, and public services 
[25]. Automation and robotics are integral to modern industry. 
The development of advanced automation and robotics technolo-
gies leads to decreased production costs, fewer failures, increased 
efficiency, and improved product quality to achieve competitive 
advantage. Accelerating the Industry 4.0 transformation is the 
most effective way to save resources in the long term and miti-
gate the linked economic and social risks [26]. Solutions from this 
family of technologies contribute to greener and human-centric 
production systems and significantly support compliance with 
sustainable development goals. In addition to its industrial appli-
cations, automation and robotics technologies serve to support 
people with disabilities, for instance, in physical rehabilitation 
[27]. At the same time, this area of technological development 
generates a wide array of societal concerns, uncertainties, and 
fears. Therefore, understanding the technological trajectories in 
automation and robotics is key to shaping responsible research 
and innovation in this field [28–30].

The general definition of automation in the context of engi-
neering and industry is the process of using technology and 
systems to replace or assist humans in performing specific tasks 
or operations and can apply to both physical systems and soft-
ware-based processes. Robotisation involves the use of robots 
to perform tasks, both physical and virtual. Automation and 
robotics include machines, devices, programmable controllers, 
sensors, and information technology systems. A study of the 
automation and robotics capabilities of different countries can 
provide valuable insights into the future of industrial produc-
tion. Patent documentation is a reliable source of information 
on research directions, inventive activity, and the innovative and 
competitive potential of the economy. The number of patents 
granted overtime measures a country’s technological develop-
ment. The key stakeholders in patent analysis are companies 
and investment funds, as well as universities and research insti-
tutes, who can use them to identify research gaps and fields for 
the commercialisation of research results. Monitoring advanced 
technology trends is also crucial for policymakers, allowing them 
to assess the competitive position, predict and actively shape 
future technological trends, and support appropriate research 
and development (R&D) decisions to develop sustainable growth 
strategies [16, 31−33].

The patent analysis methodology is generally consistent with 
the literature analysis. It involves defining the aims, selecting 
a patent database, developing a search strategy, conducting the 
search to collect data, and analysing, visualising, and interpret-

ing the data [73]. The third section of the article presents details 
of the methodology utilised in this work.

The article addresses the following questions:
1.	What trends in automation and robotics can be observed?
2.	What is the patent activity in automation and robotics from 

a geographic perspective?
3.	Can regional technological specialisations in automation 

and robotics be distinguished based on patent databases?

The first part of the article reviews and discusses the recent 
literature on patent analysis. It consists of (i) a discussion of 
cross-country comparisons of patent analysis and (ii) patent 
analysis in automation and robotics. Next, the methodology 
is described, and an attempt is made to answer the research 
questions using multidimensional comparative analyses. The 
core analysis is divided into four main sections: (i) a general 
discussion on the primary patent determinant, R&D expendi-
tures, (ii) an assessment of patent activity growth, (iii) robotic 
and automation specialisation, and (iv) regional specialisation 
in program-controlled manipulators. In conclusion, the article 
discusses the theses that could be inferred from the patent sta-
tistics and identifies future research gaps.

2.	 Innovation performance and 
its measures – literature analysis 
perspectives

2.1. Cross-country comparisons on patent 
analysis

Innovation assessment and comparative analysis based on 
patent data are of interest to both researchers and practitio-
ners including policymakers, industry leaders, and investors. 
By understanding the innovation landscape and benchmarking 
their performance against global and regional peers, organi-
sations can identify strategic opportunities, take advantage of 
constraints, allocate resources effectively, and develop policies 
and strategies that foster innovation and competitiveness. This 
is reflected in publications including the Global Innovation 
Index (GII) by WIPO [74], the European Innovation Scorebo-
ard (EIS) by the European Commission [75], World Intellec-
tual Property Indicators 2023 by WIPO [76], OECD Science, 
Technology and Industry Scoreboard 2017 by OECD [77], as 
well as in proposals of original innovation indicators based on 
patent data, e.g. [1]. These works consider the total number 
of patents granted, by the field of main technologies and other 
data sources (e.g., R&D investment and grants, GDP, value 
of scientific literature) to determine the competitive position 
of countries. The GII 2023 includes 80 indicators categorised 
into institutions, human capital and research infrastructure, 
market and business sophistication. EIS 2023 distinguishes 
framework conditions, investments, innovation activities, and 
impacts, within them 12 innovation dimensions described by 32 
indicators. The interest in comparative analyses is also reflec-
ted in the publication based entirely on patents, e.g., Patent 
Statistics and Country Profiles by WIPO [78] and in tools, 
e.g. EPO Worldwide Patent Statistical Database (EPO PAT-
STAT) [79] designed for conducting patent analyses and eva-
luation, PatentsView [80], which is a patent data analysis and 
visualisation platform of the U.S. Patent & Trademark Office 
(USPTO) or PatBase by Minesoft [81] − a searchable patent 
families database with visualisation and analytical engine.

A patent analysis perspective is used to assess the competence 
of countries in selected areas, e.g., comparing the differences in 
nanotechnology between the United States and China from 2001 
to 2017 based on data from the USPTO and China National 
Intellectual Property Administration (CNIPA) [8]. The objects 
of comparison are not always the countries, but, for example, 
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urban areas based on the inventors’ addresses, as in collabo-
ration networks in robotics analyses [34], NUTS 2 regions in 
a study on R&D indicators impact on innovation performance 
[35] or on the role of key enabling technologies in regional bran-
ching [36]. Bibliometric techniques in patent analysis make it 
possible to determine the position of a selected country with 
global trends in robotics patenting, e.g. [37].

In the context of patent-based country comparison, several 
studies examine barriers and incentives to innovation in paten-
ting or use exogenous variables to adjust output when assessing 
a country’s innovation system. The relationship between GDP 
per capita, R&D expenditure, and patent applications is often 
considered since innovation contributes directly and indirectly 
to economic growth [38]. The estimated correlation between 
a country’s GDP per capita and its patent citations based on 
patents granted by the USPTO associated with 44 countries in 
the period 2006–2015 was 0.3 [5]. The positive impact of public 
R&D support and feed-in tariff schemes on wind power patent 
activity was revealed via an econometric model based on data 
from four Western European countries over the period 1977–
2009 [10]. Other key drivers of the flow of new technologies are 
education and human capital, business climate and innovation 
policy, capital, and technological infrastructure [39]. Striving for 
long-term environmental sustainability and the need to change 
the economic model and decouple growth from resource con-
sumption [40] have made environmental issues also a subject of 
interest in patent analyses. Environmental innovations repre-
sented by patents were exploited in the study of the impact of 
human activity on the environment and econometrically repre-
sented in the STIRPAT regression model. Based on data on Nor-
dic economies during the period 2000–2019, it was proven that 
innovations mitigate the impact of oil and gas on the quality of 
the environment and reduce carbon dioxide emissions, especially 
in the long term [41].

R&D activities are undeniably linked to the creation of patents 
[42, 43] but also considering GDP and population when compa-
ring patent intensity across regions can be a valuable approach 
to adjusting resident application activity [76].

2.2. Patent analysis in automation and robotics
Focused patent analysis is a common theme in the literature. 
Awareness of the importance of innovation causes patents and 
their citations to serve as the primary data source for identify-
ing emerging technologies [18]. Areas of high research activity 
are reflected in the patent analysis as potential areas for inve-
stment and development. The growth in AI-based innovation 
observed in recent years makes it a topic of interest in multiple 
publications studying patents (both reports, e.g. [82] and scien-
tific articles, e.g. [44]). A similar trend is visible in relation to 
graphite and its applications, e.g. [83] or nanotechnology, e.g. 
[45], blockchain, e.g. [7]. Another exploited area is related to 
environmental issues [46]. 

Despite the availability of information in patent records, the 
challenge of isolating the classes and identifying exactly which 
patent families cover the subject matter remains. In the case of 
automation and robotics, researchers note the ease of searching 
for patents only related to robotisation due to the specific and 
unambiguous nature of the term ‘robot’ [47]. However, particu-
lar inventions may also find applications other than those orig-
inally intended.

Among the articles predicting the future direction of robotics 
technology based on patent databases are those focusing on the 
development of care robotics in terms of publications, patent 
activity and networking [48]. The study covering the period 
until 2009 indicated Japan as the most active in terms of patent 
applications and publishing. Exploration of the swarm robotics 
cooperative control strategy based on patent analysis from 2003 
to 2021, predicted two technical development directions for this 

technology: swarm intelligence and self-organising collaborative 
strategy [49]. A data source of 228 service robotics patents was 
used to explore the potential of machine learning classification 
[50]. In terms of patent applications, the following significant 
players were revealed: China, the United States (US), South 
Korea, and India. Support vector machines based on patent 
data showed that China’s industrial robot sector had innovation 
gaps compared to the United States, Germany, South Korea 
and Japan, especially in terms of university-industry linkages, 
interdisciplinary competencies, and globalisation intentions [51]. 
Citation relationships among patents in the field of robotics 
were analysed to identify globally and locally important patents 
[52]. Analysis of the structured and unstructured data from the 
patent database showed the geographical distribution of con-
struction robotics-related patents worldwide. According to the 
study, China led the ranking in terms of patent publications, 
followed by the US [15]. A patent study on collaborative robots 
identified the largest concentration of inventions in China, Japan 
and Germany [53]. Drawing the information from patents from  
2002–2016, the geography of the “hot points” in robotics 
research, development, structures, and global network cooper-
ation led to the conclusion that urban areas most specialised 
in robotics R&D are located in Germany, the US, Japan, and 
Sweden [34]. The analysis including, among others, robotics pat-
ent data until 2016 allowed to divide the European robotisation 
landscape into three groups according to robotics development 
[54]. The first group has the highest density in both robotics 
development and implementation (Sweden, Germany, Austria, 
Denmark and France), the second group is well situated only 
in some aspects (Spain, Italy, Belgium, the Netherlands and 
Finland), and the third group includes the lagging countries.

In the field of automation, the research frontier was deter-
mined in the electronic design automation technology field based 
on the IPC/CPC. Patent activity and quality were assessed to 
describe the competitive position of different countries. The 
main competitors identified are the United States, China, Japan, 
the United Kingdom, and Singapore [16]. According to the inves-
tigation of the United States Patent and Trademark Office data, 
the country that emerged as the leader in robotics and AI tech-
nologies is the US, followed by the European Union countries 
together, and Japan. However, Western countries are all los-
ing to Asia. The outstanding performance of South Korea was 
noticed [47]. A review of the literature also revealed the works 
that concern selected specialised aspects of automation, e.g., 
patent analysis of epicyclic gear trains used in automatic trans-
missions [55], automatic connection devices [56], or integrated 
circuits [57].

Among recent works, no in-depth, up-to-date analysis com-
paring countries solely in terms of patents in the broad area of 
automation and robotics was found, including an assessment of 
the diversity of European countries.

3. Research methodology

The research process is illustrated in Figure 1. Several databa-
ses facilitate access to patent information (Espacenet − provi-
ded by the European Patent Office, Google Patents − which 
allows searching for patents from various jurisdictions, Patent-
Scope − maintained by the World Intellectual Property Orga-
nization, USPTO − the United States Patent and Trademark 
Office contains information on patents granted in the United 
States). At the initial stage of the analysis, above mentioned 
the most popular databases were analysed, lately, PatentScope 
was selected as containing international patent applications 
filled under the Patent Cooperation Treaty.

In the case of patent analysis, two search approaches can be 
applied: a term search/bag of words analysis or a traditional 
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patent classification. The IPC code search has proven to be 
stronger and more reliable than a matched keyword in associa-
ting a patent with a specific technology field [47]. The use of 
mixed patent searches is also a valid approach [72].

The approach was narrowed down, excluding patent classes 
only indirectly related to robotics, despite their utilisation within 
the field, e.g., G06F, covering electric digital data processing 
including calculations, computer systems and data processing 
methods or G06N, computing arrangements based on specific 
computational models. However, artificial intelligence and deci-
sion support systems are used in robots for decision-making, 
learning, adaptation to the environment and interaction with 
people. Table 1 includes the scope of the analyses according to 
the IPC.

Figure 2 visually explores the assigned keywords of the selec-
ted patent classification codes with and without distinguishing 
the country of publication. The keywords indicate areas of inten-
sive exploration and potential patent applications and verify the 
chosen classification’s correctness. The keywords mainly focus 
on control in the context of devices and systems. Noteworthy is 
the presence of numerous solutions dedicated to mobile devices, 
autonomous vehicles, and mobile robots, which indicates great 
interest in this area.

Fig. 1. Research framework
Rys. 1. Proces badawczy

Table 1. The scope of the analyses according to the International Patent Classification/Cooperative Patent 
Classification
Tabela 1. Zakres analiz według Międzynarodowej Klasyfikacji Patentowej/Wspólnej Klasyfikacji Patentowej

Subclass Main group Descriptions

B25J manipulators; chambers provided with manipulation devices

B25J 9/00 programme-controlled manipulators

B25J 13/00 controls for manipulators

B25B tools or bench devices not otherwise provided for, for fastening, 
connecting, disengaging or holding

B25C tools or bench devices not otherwise provided for, for fastening, 
connecting, disengaging or holding

B60W

conjoint control of vehicle sub-units of different type or different 
function; control systems specially adapted for hybrid vehicles; road 

vehicle drive control systems for purposes not related to the control of 
a particular sub-unit

G05B
control or regulating systems in general; functional elements of such 

systems; monitoring or testing arrangements for such systems or 
elements

G05D systems for controlling or regulating non-electric variables

The period 2014–2023 was selected for analysis. In 2011, at 
the Hannover Messe (one of the world’s largest industrial trade 
fairs), the term “Industrie 4.0” appeared for the first time and at 
Hannover Messe 2014, the concept was developed, and progress 
in implementing the vision was presented. The official frame-
work document for “Industrie 4.0” [84], the Plattform Industrie 
4.0, and SmartFactory KL initiatives aimed to promote and 
coordinate the digital transformation of industry in Germany 
contributed to the spread of the idea of Industry 4.0 around the 
world. Many countries have begun to recognise the importance 
of integrating digital technologies into industry and adapt the 
concepts into their own industrial development strategies. The 
term “Industrie 4.0” gave rise to the global concept of “Industry 
4.0”, as a general term describing the fourth industrial revolu-
tion [19]. Industry 4.0, its evolutions such as Industry 5.0, or 
generally future industry, refers to the intelligent networking of 
machines and processes for the industry based on cyber-physical 
systems [59], is a revolution in manufacturing control method-
ology [58]. Recent years have been a period of rapid digitisation 
and production automation. Applications of a combination of 
emerging new technologies are changing production, manage-
ment, and work organisation methods and generating many new 
patentable innovations.
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Fig. 2. Keywords analysis of selected subclasses: (a) patents without distinguishing the office of publication [PD=2014:2023 and IC=(B25J OR 
B25B OR B25C OR B60W OR G05B OR G05D) AND GRANT=(YES) AND ALIVE=(YES)”)]; (b) publication office: International Bureau of WIPO 
[PD=2014:2023 and CC=(WO) and IC=(B25J OR B25B OR B25C OR B60W OR G05B OR G05D) AND GRANT=(YES) AND ALIVE=(YES)]
Rys. 2. Analiza słów kluczowych wybranych podklas: (a) patenty bez rozróżnienia urzędu publikacji; (b) patenty z miejscem publikacji: Światowa 
Organizacja Własności Intelektualnej

(a)							               (b)

Determining the country of origin of a patent is quite a com-
plex task. The registration of a patent in a specific country 
does not necessarily indicate the origin of the invention itself. 
According to PatBase [81], the top 10 jurisdictions are China, 
the United States, Japan, Germany, the International Bureau of 
WIPO, EPO, Korea, Canada, Taiwan and India. If one consid-
ers only WIPO, the top countries are the US, the International 
Bureau of WIPO, China, EPO, Germany, Japan, Korea, Can-
ada, Australia, and India. Both the inventors’ and the appli-
cant’s country may be relevant from different perspectives. Since 
the country of the applicant might reflect the location of the 
company’s headquarters, as well as state policy and patent pro-
cedures, the country of the inventors was considered as a more 
precise indicator of the origin of the idea and R&D activity that 
led to the inventions.

Of the two main patent evaluation methods (market-based 
which evaluates patents on commercial market value, patent-
-based which evaluates patents on their indicators) [57] the 
patent-based approach was applied.

The following formulas are useful for comparing countries’ 
technological positions and measuring international specialisa-
tion based on patents as indicators.

Compound annual growth rate [63]:

	

1

1,
y

last

first

P
CAGR

P
 
 = −
 
 

	 (1)

where: Pfirst, Plast − the number of patent applications in the 
first and last year (in the analysis: at the end of 2014 and 2023 
respectively), y − the duration of the survey period (in  the  ana-
lysis: 9 years).

The interpretation of CAGR is as follows: CARG = 0.10 
means that the value increased by an average of 10 % per year, 
and CAGR = 0 means that the value has not changed in the 
analysed period. CAGR does not reflect the variability of growth 
in individual years but shows a constant growth rate.

Revealed (comparative) technological advantage (RTA)  
[5, 34, 46, 59]:

	

/
,cti ctii

cit
cti ctic c i

P P
RTA

P P
= ∑
∑ ∑ ∑

	 (2)

where: Pcti – the number of patents from country c in techno-
logy field i in a period t; ctii

P∑  – the number of patents from 
country c in a period t; ctic

P∑  – the number of patents in 
technology i worldwide in a period t; ctic i

P∑ ∑  – the number 
of patents granted worldwide in a period t.

If RTA > 1, the country or region has a comparable tech-
nological advantage in the field, if RTA < 1, on the contrary, 
the country is less specialised in the field compared to the refe-
rence area.

Revealed symmetric technological advantage index (RSTA) 
with a range between −1 and +1, addresses the asymmetry in 
the RTA index making interpretation easier [59]:

	

1
.

1
cit

cit
cit

RSTA
RSTA

RSTA
−

=
+

	 (3)

The closer the value of RSTA to +1, the greater the revealed 
advantage, the closer the RSTA to −1, the lower.

Citations are commonly used measures of the economic and 
technological value of a patent, and therefore the quality of the 
region’s invention-based [15, 57]. The direct or indirect citation 
relationship among patents can be used to find the technological 
clusters and evaluate the importance of patents [52]. Citation 
databases are provided, among others, by PATSTAT, PatBase, 
and Google Patents.

Based on citation reports revealed comparative advantage 
weighted can be estimated (RTAw) [5]:

	 cit cit citRTAw C RTA= 	 (4)

where: 
/cti ctii

cit
cti ctic c i

C C
C

C C
= ∑
∑ ∑ ∑

 – citation index; Ccti – the 
 
number of citations of patents from country c in technology 
field i in a period t.

In the conducted analysis two classes were examined: B25J 9/00  
and B25J 13/00. 

9

Ewa Chodakowska, Andrzej Polecki



Around 270 000 under the PCT international applications 
were published in 2023. The list of the top five origins is consis-
tently occupied by inventors from China, the US, Japan, South 
Korea, and Germany, accounting for 78 % of applications. 
China’s Huawei Technologies followed by Samsung Electronics 
from South Korea, Qualcomm from the US, Mitsubishi Electric 
of Japan, and BOE Technology Group of China remain the 
top fillers of PCT international applications in 2023 [85, 86]. 
This study examines the diversity of European countries in 
automation and robotics in terms of patents. The PCT publi-
cation data was selected as a key indicator of patent activity 
at the international level and a measure of interest in tech-
nology or innovation on the global stage (the term search in 
case of Poland DP:[2014–2023] AND IADC:PL). The analysis 
encompasses 30  countries: EU member states and additionally 
EEA countries (Norway, Iceland) and Switzerland.

4. Data analysis

4.1. Patents and R&D expenditures 
Innovative outcomes are highly concentrated, and the 
leading countries in scientific, technological, and innovation 
capabilities are high-income nations, including the United 
States, France, Germany, Japan, and South Korea, as well 
as large economies such as China and India [87]. Although 
the analysis and modelling of the relationships between fac-
tors influencing the number of patents is beyond the scope 
of this publication, patent quantity examination could not 
omit the most important determinant, which is R&D expen-
diture. The analysed European countries are a relatively 

homogeneous group which are analysed together in many 
studies as having many common regulations and adopted 
coherent priorities. However, expressed as a percentage of 
GDP, R&D spending varies significantly, reaching values in 
the range between 0.46 % (Romania) and 3.43 % (Belgium), 
with an average of 1.82 % in 2022 [88]. Being aware that not 
all R&D investments are dedicated to development expressed 
directly in patented innovations, and non-patentable tech-
nologies contribute to the innovative capabilities, and not 
depreciating, e.g., basic research, in the case of the coun-
tries analysed, there is a very high correlation between R&D 
expenditure in million Euro and the number of patents. The 
correlation between lagged cumulative expenses in 2013–2022 
and the cumulative number of all patents in 2014–2023 is 
0.99, and without outliers such as Germany and France is 
0.96 (Fig. 3).

The relationship between the variables allows one to esti-
mate the “cost of patent”. Figure 4 shows the million Euro 
of R&D expenditure per patent.

European leader countries listed in international rankings, 
e.g., Germany and France, have an under-average cost of 
obtaining a patent. Greece and Czechia have the highest 
R&D expenditure per patent. High costs are observed in 
Portugal, Poland, Iceland, Lithuania, and Croatia. 

The patents selected for analysis represent only a fraction 
of the total number of patents. The percentage of automa-
tion and robotics patents in the total number of patents is, 
respectively, B25J − 0.65 %, B25B − 0.24 %, B25C − 0.03  %, 
B60W − 0.91 %, G05B − 1.31 %, and G05D − 0.68  %. Howe-
ver, the data presented illustrate the great importance of 
financial incentives in achieving innovation capability.

Fig. 3. Correlation between 
the number of patents 
and R&D expenditure 
(aggregated data) [88]
Rys. 3. Zależność liczby 
patentów i wydatków na 
badania i rozwój (dane 
zagregowane) [88]

(a)

(b)
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Fig. 4. R&D expenditure per 
number of patents [88]
Rys. 4. Wydatki na badania i rozwój 
na liczbę patentów [88]

4.2. Patent activity growth
The number of patents, including those related to robotics, 
fluctuates with slow growth year by year. Considering the abso-
lute number of patents, European countries may be divided 
into four groups with regard to their patent activity (Fig. 5a): 

	− The outstanding − including Germany (DE), which belongs 
to the top five countries in the world in terms of the num-
ber of patents, with circa 20  000 patents in the period 
2014−2023, and France (FR, with more than 8 500 patents, 
which ranks just outside the top ten.

	− Top performers − Netherlands (NL), Italy (IT), Sweden 
(SE), and Switzerland (CH) − with numbers of patents 
exceeding 3 500.

	− Average performers − Spain (ES), Australia (AU), Finland 
(FI), Denmark (DK), and Belgium (BE) − with more than 
1 500 patents.

	− Underperformers − Norway (NO), Ireland (IE), Poland 
(PL), Czechia (CZ), Hungary (HU), Portugal (PT), Greece 
(GR), Slovenia (SI), Luxembourg (LU), Slovakia (SK), 
Romania (RO), Bulgaria (BG), Lithuania (LT), Croatia 
(HR), Latvia (LV), Iceland (IS), Estonia (EE), Malta (MT), 
Cyprus (CY) − with less than 1 000 patents.

Since the correlation coefficient between population and 
the number of patents in the analysed period is 0.8, the 
differences between countries in the number of patents per 
1  million people are illustrated (Fig. 5b). In this case, there 
are no clearly distinguishable groups. The following division 
can be proposed:

	− Top performers − with more than 200 patents per 1 mil-
lion inhabitants: Switzerland (CH), Sweden (SE), Fin-
land (FI), Denmark (DK), Germany (DE), Netherlands 
(NL), Austria (AU).

	− Average performers − with more than 50 patents per 
1  million inhabitants: Luxembourg (LU), Belgium (BE), 
Norway (NO), Iceland (IS), France (FR), Ireland (IE), 
Slovenia (SI), Italy (IT), Malta (MT).

	− Underperformers − with less than 50 patents per 1 million 
inhabitants: Spain (ES), Hungary (HU), Czechia (CZ), 
Portugal (PT), Estonia (EE), Latvia (LV), Cyprus (CY), 
Lithuania (LT), Slovakia (SK), Greece (GR), Poland 
(PL), Bulgaria (BG), Croatia (HR), Romania (RO).

The number of patents, including those related to robotics, 
is fluctuating with slow growth year by year. The CAGR for all 

Fig. 5. The number of patents 
including those related to 
robotics and automation 
between 2014 and 2023: 
(a)  absolute value; 
(b) per 1 million inhabitants
Rys. 5. Liczba patentów, 
w tym związanych z robotyką 
i automatyką w latach 2014−2023: 
(a) wartość bezwzględna; 
(b) na 1 mln mieszkańców

(a)					            (b)
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PCT patents is 0.071, and for patents originating from Europe, 
it is 0.053. In the case of robotics and automatisation worl-
dwide, higher average growth is observed in the case of B25J 
(0.164), G05D (0.146), B60W (0.116), and G05D (0.115). Table 
2 displays the CAGR for European countries in the analysed 
patent subclasses from 2014 to 2023. CAGR was not calculated 
for patent subclasses where no patents were filed before 2014.

Regarding CAGR over 0.3, Romania stands out in G05D, 
G05B, and B60W, while Poland and Ireland in B60W. 

Table 2. The compound annual growth rate (2014−2023)
Tabela 2. Średnia roczna stopa wzrostu (2014−2023)

All B25J B25B B25C B60W G05B G05D

WORLD 0.071 0.164 0.065 0.050 0.116 0.115 0.146

Europe 0.053 0.123 0.057 0.049 0.087 0.093 0.098

Poland PL 0.097 0.158 0.182 0.080 0.330 0.169 0.141

Germany DE 0.051 0.134 0.060 0.063 0.081 0.088 0.099

France FR 0.055 0.114 0.041 0.006 0.098 0.092 0.079

Belgium BE 0.055 0.111 0.038 0.000 0.179 0.094 0.090

Bulgaria BG 0.068 0.099 0.000 N/A 0.032 0.088 N/A

Czechia CZ 0.086 0.231 N/A 0.000 0.080 0.127 0.115

Denmark DK 0.052 0.217 0.080 0.080 0.090 0.116 0.070

Estonia EE 0.069 0.292 N/A N/A N/A 0.071 N/A

Ireland IE 0.066 0.167 0.025 0.000 0.301 0.125 0.136

Greece GR 0.064 0.080 0.025 N/A 0.064 0.102 0.115

Spain ES 0.067 0.123 0.064 0.032 0.119 0.186 0.123

Croatia HR 0.044 N/A 0.000 N/A 0.032 N/A 0.167

Italy IT 0.061 0.140 0.082 0.000 0.106 0.107 0.108

Cyprus CY 0.079 N/A N/A N/A 0.046 N/A N/A

Latvia LV 0.067 0.167 N/A N/A N/A N/A 0.080

Lithuania LT 0.101 N/A N/A N/A N/A 0.046 0.000

Luxembourg LU 0.072 0.080 0.080 0.000 N/A 0.140 0.092

Hungary HU 0.053 0.225 0.062 N/A 0.220 0.218 0.177

Malta MT 0.148 N/A N/A N/A N/A N/A N/A

Netherlands NL 0.050 0.119 0.043 0.080 0.076 0.097 0.066

Austria AU 0.042 0.165 0.045 0.009 0.110 0.100 0.091

Portugal PT 0.101 N/A 0.196 N/A 0.220 0.126 0.125

Romania RO 0.084 N/A 0.000 N/A 0.292 0.318 0.351

Slovenia SI 0.057 0.167 0.038 N/A 0.094 0.167 0.087

Slovakia SK 0.075 0.080 0.000 N/A 0.000 0.260 0.167

Finland FI 0.044 0.110 0.063 0.080 0.100 0.078 0.118

Sweden SE 0.049 0.068 0.054 0.004 0.083 0.084 0.109

Iceland IS 0.047 0.209 0.000 N/A N/A 0.032 0.130

Norway NO 0.048 0.116 0.086 0.000 0.041 0.080 0.111

Switzerland CH 0.058 0.133 0.059 0.165 0.103 0.095 0.102

N/A — Not Available

Estonia has achieved a high result in B25J that is only sli-
ghtly lower than 0.3. These are the countries that started 
to be active in the patent subclasses studied during the 
analysed period. The European countries at the top of the 
world patent rankings, Germany and France, have not seen 
a sharp increase in the number of patents. In their case, 
a stabilisation is observed.

12

Cross-National Comparison of Technology Innovation Capabilities in Automation and Robotics

P O M I A R Y • A U T O M A T Y K A • R O B O T Y K A  NR 3/2024



4.3. Robotic and automation specialisation 
The RTA was used to divide European countries into several 
groups considering the six patent subclasses (Table 3). Many 
countries do not have any patents in B25C, which is also true, 
but to a lesser extent, for B25B.

The leaders in each group analysed are as follows:
−	 B25J − Iceland (IS) and Estonia (EE) (with a relatively 

small number of patents in total);
−	 B25B − Austria (AU) and Sweden (SE);
−	 B25C − Switzerland (CH);
−	 B60W − Romania (RO) and Sweden (SE);

Table 3. Revealed technological advantage
Tabela 3. Ujawniona przewaga technologiczna

B25J B25B B25C B60W G05B G05D

Poland PL 0.332 0.816 0.782 0.305 0.720 0.432

Germany DE 1.189 1.867 1.177 2.025 1.627 0.845

France FR 0.814 0.883 0.332 1.270 0.686 0.661

Belgium BE 0.444 0.257 0.246 0.520 0.504 0.464

Bulgaria BG 0.939 0 0 0.215 1.386 0.385

Czechia CZ 1.009 1.159 0.000 0.421 0.867 0.640

Denmark DK 1.343 1.155 0.267 0.078 1.118 0.923

Estonia EE 2.963 1.386 0 0.605 1.361 6.208

Ireland IE 0.435 0.647 0 0.682 0.893 0.672

Greece GR 0.360 0.758 0 0.248 0.426 0.369

Spain ES 0.858 1.254 0 0.189 1.072 0.628

Croatia HR 1.113 0 0 0.255 0.164 0.684

Italy IT 1.012 1.766 0 0.551 0.802 0.841

Cyprus CY 0 0 0 0.653 0.420 0

Latvia LV 1.213 0 0 0.371 0.239 0.331

Lithuania LT 0.655 0 0 0.000 0.387 0.269

Luxembourg LU 0.373 0.523 0 0.456 0.734 1.427

Hungary HU 1.168 1.135 0 1.898 1.168 1.105

Malta MT 1.362 0 0 0.626 0.805 2.793

Netherlands NL 0.523 0.190 0.212 0.173 0.675 0.308

Austria AU 0.818 2.713 0.817 0.439 1.009 1.181

Portugal PT 0.404 0.972 1.629 0.265 0.648 0.946

Romania RO 0.882 0.619 0 2.430 0.955 1.687

Slovenia SI 0.334 0.938 0 0.614 0.395 1.005

Slovakia SK 0.618 0 0 0 1.278 0.380

Finland FI 0.551 0.736 0.247 0.313 0.867 1.075

Sweden SE 1.217 2.577 0.550 2.596 1.292 1.557

Iceland IS 3.230 0 0 0 0.636 0.589

Norway NO 1.513 1.744 0 0.182 1.202 1.698

Switzerland CH 0.735 1.469 10.438 0.224 1.072 0.538

−	 G05B − Germany (DE);
−	 G05D − Estonia (EE).

The two countries that stand out the most are Switzerland 
and Estonia in terms of the RTA in classes B25C and G05D, 
respectively. Additionally, Iceland is the leader in B25J with 
zero patents in other classes. No country has a zero number 
in G05B. Analysing all subclasses together, Switzerland and 
Estonia emerge as strong players among European countries, 
although Sweden and Germany also perform well. This is con-
firmed by RSTA presented in summary in Figure 6. When 
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comparing European countries, Sweden and Germany stand 
out as having the greatest advantage in most of the patent 
classes. Estonia, Switzerland, and Austria show a balance in 
their achievements. Hungary, Romania, and Norway also stand 
out positively in the overall analysis.

Additionally, a cluster analysis was performed to determine 
whether it is possible to separate groups. Figure 7 presents 
the results of exploration clustering using the agglomeration 
method for standardised data. 

European countries can be divided into six groups based 
on Ward methods to give the smallest within-group variance 
and Euclidean distance. A connecting distance greater than 
six was assumed: 

	− two clusters with individual entities: Switzerland (CH), and 
Estonia (EE)

	− Latvia (LV), Croatia (HR), Cyprus (CY), Lithuania (LT), 
Netherlands (NL), Belgium (BE), Finland (FI), Luxembo-
urg (LU), Ireland (IE), France (FR), Slovenia (SI), Greece 
(GR), Portugal (PT), Poland (PL);

	− Austria (AU), Norway (NO), Italy (IT), Denmark (DK), 
Spain (ES), Czechia (CZ);

	− Iceland (IS), Malta (MT), Slovakia (SK), Bulgaria (BG);
	− Romania (RO), Hungary (HU), Sweden (SE), Germany (DE).

K-means clustering into six groups designated in the hierar-
chical approach (assuming preliminary cluster centres to maxi-

Fig. 6. Revealed symmetric 
technological advantage index 
(RSTA)
Rys. 6. Ujawniony symetryczny 
wskaźnik przewagi technologicznej 
(RSTA)
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Fig. 7. The results of agglomerative 
cluster analysis
Rys. 7. Wyniki aglomeracyjnej analizy 
skupień
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mise distances) distinguishes, in addition to clusters with only 
Switzerland (CH), and Estonia (EE), a separate group for Ice-
land (IS), and the remaining groups are:

	− Germany (DE), Hungary (HU), Romania (RO), Sweden 
(SE) − countries with averages exceeding the mean values; 

	− Bulgaria (BG), Czechia (CZ), Denmark (DK), Spain (ES), 
Italy (IT), Malta (MT), Austria (AU), Slovakia (SK), Fin-
land (FI), Norway (NO) countries with average mean values;

	− Poland (PL), France (FR), Belgium (BE), Ireland (IE), Gre-
ece (GR), Croatia (HR), Cyprus (CY), Latvia (LV), Lithu-
ania (LT), Luxembourg (LU), Netherlands (NL), Portugal 
(PT), Slovenia (SI) −  countries with lower mean values of 
the analysed variables. 

Plots of cluster average values are shown in Figure 8.
As demonstrated above, EU countries cannot be conside-

red homogeneous in terms of patents in analysed subclasses. 
According to RTA, it cannot be concluded that the clusters 
coincide with the traditional division into Eastern and Western 
Europe, Scandinavian, and Southern countries.

4.4. 	Regional specialisation in  
programme-controlled manipulators

Forward citation can be interpreted as an indicator of the 
impact or importance of a given patent in the context of 
further technological development. Table 4 includes the total 
number of granted patents published in 2014−2023 registered 
in WIPO indexed in PatBase. On average, patents receive 
12 citations but subclasses G05B, G05D, and main group 

Table 4. The number of patents and their forward citations
Tabela 4. Liczba patentów i ich cytowań po publikacji

Subclass Number of patents Number of citations

B25J 14 958 148 276

B25J 9 9 288 104 902

B25J 13 4 001 60 688

B25B 5 071 50 931

B25C 746 6 988

B60W 19 471 180 199

G05B 28 147 435 548

G05D 23 309 347 613

B25J OR B25B OR 
B25C OR B60W 

OR G05B OR G05D 
80 459 851 349

Source: PatBase [PD=2014:2023 and CC=(WO) and IC=(B25J13) AND 
GRANT=(YES)]

Fig. 9. Achievements of Central European countries: (a) B25J 9 Revealed technological advantage − RTA; (b) B25J 9 Revealed comparative 
advantage weighted − RTAw; (c) B25J 13 Revealed technological advantage − RTA; (d) B25J 13 Revealed comparative advantage weighted − RTAw
Rys. 9. Osiągnięcia krajów Europy Środkowej: (a) B25J 9 Ujawniona przewaga technologiczna − RTA; (b) B25J 9 Ujawniona przewaga komparatywna ważona 
− RTAw; (c) B25J 13 Ujawniona przewaga technologiczna − RTA; (d) B25J 13 Ujawniona przewaga komparatywna ważona − RTAw

B25J 13/00 positively stand out with an average citation 
count of about 15. 

B25J 9, in the context of modern industry, relates to the 
latest trends and innovations in the field of program-con-
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trolled manipulators, which is of key importance for the 
competitiveness and development of various economic sec-
tors. The general class B25J pertains to manipulators in 
general. It may include manually operated, mechanically 
controlled manipulators, as well as those operated through 
various control systems, including programmatically con-
trolled systems. The patents in subclass B25J 9 focus on 
software-controlled manipulators, which is a key area of 
innovation in robotics. Studying these patents can help to 
monitor the latest developments in robot control and indus-
trial process automation.

To examine the disparities in patent activity, the Central 
European states (as defined by the OECD) based on the 
main group B25J 9/00 (programme-controlled manipulators) 
within the subclass BJ25 (manipulators; chambers provi-
ded with manipulation devices) were compared. The WIPO 
database [85] and citations disclosed in Google Patents [89] 
were utilised. Revealed technological advantage (RTA > 1) 
indicated only Hungary (RTA = 1.189) as competitive. The 
weighted RTA, considering the number of patents and the 
number of citations apart from Hungary (1.650), also distin-
guishes Poland (1.252) and Slovakia (1.040) and lowers the 
position of Czechia and Slovenia (Figure 9a and Figure 9b).

Similarly, the main group B25J 13 was analysed, which 
allowed Hungary, Slovenia, and Poland to be distinguished 
in the context of RTAw. Poland leads with a score of 3.542 in 
RTAw, followed by Hungary with a score of 1.723 (Figure 9c 
and Figure 9d). In the case of Poland, the number of cita-
tions radically changed the results.

To illustrate the influence of incorporating citations on 
the ranking of the five analysed countries, Table 5 displays 
the positions and identifies the countries that have gained 
a comparative advantage.

The change in ranking positions is not radical; this is 
a shift up/down by one position, but the country’s classifi-
cation as having a cooperative advantage has changed. The-
refore, citations may influence the perception of inventions’ 
technological and economic value.

5. Discussion

Patent statistics are an important source of information about 
the current level of economic development. However, a one-
-dimensional analysis of patents is not justified. Qualifying 
patents for a selected thematic area is a big challenge because, 
in many cases, the limits of their future application cannot 
be predicted with certainty. The work analysed patents in the 
following subclasses B25J (B25J 9, B25J 13), B25B, B25C, 
B60W, G05B, G05D.

Table 5. Country ranking based on RTA and RTAw
Tabela 5. Ranking krajów na podstawie RTA i RTAw

Ranking B25J 9 B25J 13

RTA RTAw RTA RTAw

1 Hungary Hungary Hungary Poland 

2 Poland 
Slovakia

Poland Poland 
Slovenia

Hungary

3 Slovakia Slovenia

4 Slovenia Czechia Slovakia Slovakia

5 Czechia Slovenia Czechia Czechia

*Green fill indicates the achievement of comparative advantage (RTA > 1 or RTAw > 1)

Despite the significant progress observed in the industry and 
the gradual implementation of the Industry 4.0 concept, no 
significant increase in the number of patented inventions in 
automation and robotics has been observed. The interpolation 
of this result is consistent with the forecasts formulated in the 
report Top 100 Global Innovators 2024 [90]. It is predicted to 
increase and improve in government and academic research, 
software, media, fintech, mining and metals, telecommunica-
tions and stabilisation in semiconductors, electronics and com-
puting equipment, industrial systems, energy and electrical 
segments. CAGR is over 0.3 only in the case of Poland and 
Ireland in B60W, Romania in G05B and G05D. These are the 
countries that are new players in the innovation market with 
a small absolute number of patents. The inability to calculate 
CARG for many countries could be seen as positive, since the 
first patents just appeared in the analysed period, proving the 
sector’s development.

European countries are diverse in terms of patent activity 
and specialisation. When analysed together, they perform best 
in the G05D subclass with an average RTA above 1.02, but 
also in the B25J subclass with a result of 0.95. The smal-
lest variation is in G05B. Individually, Switzerland should be 
singled out in subclass B25C, Estonia and Iceland in B25J, 
Austria and Sweden in B25B, Romania and Sweden in B60W, 
Germany in G05B, and Iceland in G05D. Based on the cluste-
ring method, three groups of countries can be identified after 
excluding outliers with excellent RTA results in single subc-
lasses (Switzerland − B25C, Estonia − G05D and B25J, and 
Iceland B25J). Germany, Hungary, Romania, and Sweden per-
form best, achieving above-average results from the perspective 
of a selected set of subclasses.

The revealed comparative advantage weighted proved that 
considering not only the number of published patents but also 
citations may change a country’s position. Poland ranks 27th in 
terms of the number of total patents per million inhabitants 
among the 30 European countries (it occupied last place among 
Central European countries) and does not stand out among 
European countries in terms of RTA in subclasses. However, 
in the case of selected main groups and when considering the 
number of citations, it has a distinctive RTAw score of B25J 13  
and a significant B25J 9 among Central European countries.

6. Conclusion

The relationship between research and development achieve-
ments, production technology and competitiveness has been 
a subject of scientific interest for years. It is widely acknow-
ledged that a means to facilitate economic development invo-
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lves leveraging and adapting existing innovation capabilities 
[86]. Patents do not reflect all of the research and innovative 
efforts behind an invention [66]. Some technological develop-
ment activities do not result in patentable inventions, and not 
all inventors apply for patent protection [65]. However, patents 
as codified knowledge, are an essential component of the inno-
vation process, linked to the invention, and measure the direct 
output and productivity of the scientific system. Patent ana-
lysis allows the extrapolation of upcoming trends. Along with 
the review of scientific publications, Delphi analysis, scenario 
analysis, or agent-based simulation, it is successfully used in 
technology foresight and forecasting.

The industry has benefited greatly from automation and 
robotics. The differences observed in this comparative study 
suggest that there is potential to stimulate research activity 
and innovation in many countries and to build human capital 
capable of creative problem-solving to support organisations 
introducing innovations. There is room for improvement of the 
practices and procedures, including those at universities, to 
increase the awareness of the academic and managerial staff. 

Another problem is the insufficient commercialisation [87]. 
R&D efforts that lead to innovations that translate into patents 
must prove successful in markets [42] and many patents are 
never implemented. This leads to attempts to estimate the 
likelihood of commercialisation [60]. Incentives and disincen-
tives for patent commercialisation remain an interesting rese-
arch topic.

Future research directions might include the following:
1.	 It is worth assessing the coherence of technological research 

development in the field of automation and robotics with 
the level of maturity of the implementation of the Industry 
4.0 concept. Future studies might investigate the diffusion 
of invented robotics technologies and their dissemination 
and adaptation in the form of solutions or applications. 
They could also assess the maturity of the innovation sys-
tem by examining the scope of cross-sectoral cooperation 
in the field of robotics.

2.	 Published results prove that AI techniques can be utili-
sed effectively and efficiently in applications covering digi-
tal indicators [61]. Although attempts to use text mining 
tools have already been made in various patent analyses 
[57, 62–64]. Further research should explore more in-depth 
the extent to which patent documents can serve as a data 
source for machine learning applications in automation 
and robotics, including advanced natural language pro-
cessing systems.

3.	 The study of factors influencing the number of granted 
patents focused on automation and robotics, their cita-
tion frequency and commercialisation remains a rich and 
unexploited field with significant research and analyti-
cal potential.

4.	 Future research based on patent analysis could aim to offer 
a comprehensive analysis of individual automation and 
robotics technologies and their relevance and significance 
to different industrial sectors.

The robotics and automation market has grown significan-
tly in recent years and is expected to continue to grow in the 
future. In addition, the share of technology-oriented research 
is increasing. The global landscape is therefore expected to 
change dynamically, both in terms of geographical distribu-
tion and thematic focus. The emergence of new technologies 
could have a significant impact on various industries, and the 
analysis could proactively anticipate and address any poten-
tial implications. This requires ongoing monitoring of the geo-
graphical dynamics of innovation capabilities in automation 
and robotics.
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Streszczenie: W dzisiejszym dynamicznym i globalnym środowisku gospodarczym innowacje 
technologiczne są kluczowym wyznacznikiem międzynarodowej konkurencyjności. W dziedzinie 
automatyki i robotyki szczególne znaczenie ma rozwój nowoczesnych technologii, które wpływają 
nie tylko na postęp przemysłowy, ale także na aspekty społeczne. Automatyka i robotyka odgrywają 
kluczową rolę w koncepcji nowoczesnego przemysłu, przyczyniając się do tworzenia bardziej 
zrównoważonych, elastycznych i skoncentrowanych na człowieku systemów produkcyjnych. Artykuł 
ma na celu pogłębioną analizę aktywności patentowej w dziedzinie automatyki i robotyki w Europie. 
Dokumentacja patentowa jest źródłem wiedzy o kierunkach badań, działalności wynalazczej, a co 
za tym idzie, potencjale innowacyjnym i konkurencyjnym gospodarki. Liczba patentów w czasie 
odzwierciedla dynamikę rozwoju technologicznego kraju. W artykule przedstawiono dotychczasowe 
wykorzystanie baz patentowych do oceny innowacyjności krajów, w tym w automatyce i robotyce. 
Przeprowadzona analiza danych dotyczących krajów europejskich pozwoliła na identyfikację 
trendów w oparciu o Międzynarodową Klasyfikację Patentową, a także specjalizacji z perspektywy 
geograficznej za pomocą wskaźników ujawnionej komparatywnej przewagi technologicznej. Kraje 
europejskie sklasyfikowano za pomocą analizy skupień, wykazując różnorodność i identyfikując 
liderów w każdej grupie.

Słowa kluczowe: patenty, innowacje, przemysł przyszłości, robotyzacja, automatyzacja, UE

Porównanie krajów pod względem zdolności innowacyjnych 
w obszarze automatyki i robotyki
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