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Patent analysis: relevance and applications

Validation of the practical relevance of scientific 
research
Patents help identify research areas with practical 
relevance, as they document technological solutions 
applied in real-world settings and backed by legal 
protection.

Identification of technology trends
Patent data enables tracking of technology 
advancements across industries, 
identifying promising areas and forecasting 
future developments.

Competitive landscape assessment
Analyzing competitors' patents reveals 
their strategies, identifies strengths and 
weaknesses, and detects potential threats.

R&D cost optimization
Patent analysis identifies underdeveloped 
technology areas, helping direct funding to high-
potential fields with low competition.
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Problem 
Statement

Data 
Sources

Data Search & 
Collection

Data 
Analysis

Data 
Visualization

1 2 3 5

Analyze emerging 
trends in quantum 
computing and AI-
driven robotics (2013–
2024).

1. Patent 
databases: WIP
O, USPTO, EPO, 
etc.

2. Open 
repositories: Go
ogle Patents, 
Lens.org

Keyword-based patent
search:

1. "Quantum software
engineering”

2. "Quantum
intelligent control”

3. "Intelligent
cognitive control"

1. Statistical 
analysis (number of 
patents by year, 
distribution by 
countries and 
companies, etc.).

2. Semantic 
analysis (clustering 
patents by 
technological fields, 
identifying key terms 
and their relationships).

Data 
visualization: Report 
preparation with 
charts, diagrams, 
maps, etc.

Step-by-step patent research
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Patent data collection algorithm
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Data source:
Patent database:

Selection criteria:
• Full-text access to WIPO/USPTO/EPO patents
• Integration with scientific publications
• API for automated data collection
! Limitation: 1000 documents/query quota

Sampling parameters:
Search query:
"robotics AND (intelligent OR quantum)"
→ 48,052 patents (Lens.org, 2013-2024)

Automated processing:
• Custom Python script with:
➢ API limit handling
➢ HTML metadata parsing
➢ Data structure normalization
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Structured representation of a single patent document
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Field Description

title Patent title.

url Patent URL.

abstract Summary of the patent's content.

patent_id Country code and patent number.

patent_application
Application details including: family, jurisdictions, status, 
application/publication/priority/grant dates, applicants, 
inventors, and assignees.

classifications *CPC and IPC patent classifications.

other_links Links to patent documentation and related resources.

cited_by References to other patents and works citing this patent.

cited_patent List of patents cited within this patent.

cites_works References to scholarly publications cited in this patent.

Patent classification systems
IPC (International Patent Classification)
Developed by WIPO (World Intellectual Property 
Organization). Provides a standardized hierarchical system 
for categorizing inventions by technological fields.
CPC (Cooperative Patent Classification)
An enhanced version of IPC, jointly maintained by the EPO 
(European Patent Office) and USPTO (U.S. Patent and 
Trademark Office). Features more granular subcategories for 
emerging technologies.
! In this research, IPC was used as the primary classification 
system due to its universal adoption and broader 
applicability.

System IPC (WIPO)
CPC 
(EPO/USPTO)

Number of 
codes

70,000 codes
250,000+ 
codes

Year 
introduced

Since 1971 Since 2013

Coverage
Global (all 
countries)

EU/U.S. focus

Patent classification systems comparison



Visual analytics dashboard

Fig. 2. Interactive patent analytics dashboard implemented using Kibana

Analyzed patents: 48,052
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Research findings

Fig. 3. Patents granted per year Fig. 4. Patent legal status

Fig. 5. Top 5 applicant organizations Fig. 6. Top 5 patent owners 7



The IPC patent analysis revealed that the key domains in intelligent robotics are autonomous transportation systems, 
specialized robotic solutions, and AI-based pattern recognition technologies.

IPC Classification Description Number of patents

G05D 1/02 Control of position, course, altitude, or 
attitude of land, water, air, or space vehicles, 
e.g., automatic pilot.

1986

B25J 11/00 Manipulators adapted for specific uses (e.g., 
handling radioactive materials, servicing 
nuclear reactors).

1865

G06K 9/00 Methods or arrangements for reading or 
recognising printed or written characters or 
for recognising patterns.

1839

B25J 9/16 Programme-controlled manipulators (e.g., 
robots) with means for control of the 
manipulator by the programme.

1659

B25J 19/00 Accessories fitted to manipulators, e.g., for 
monitoring, for viewing; Safety devices 
combined with or specially adapted for use 
in connection with manipulators.

1636

Analysis of patent data using the IPC classification system
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Patent abstracts analysis

Fig. 7. Word cloud generated from patent abstracts

Out of 48,052 collected patents, 2,576 (5.4%) 
lacked abstracts. There were 45,474 patents 
with abstracts, of which 45,222 were in 
English and only 252 in other languages 
(0.6%). The abstracts were used to create a 
document corpus and establish the corpus 
vocabulary.

Figure 7 shows the corresponding word 
cloud generated from this corpus.

Development environment:

Programming language:
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Statistical analysis

Fig. 8. Distribution of patents by year

Fig. 9. Geographical distribution of patents

Fig. 9. Geographical distribution of patents

Leaders in intelligent robotics 
patents:

United States – 27,752 patents
China – 16,786 patents
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Note:
Percentile distribution of abstract lengths:
25th percentile: ≤108 words
75th percentile: ≤189 words"

Patent abstract corpus statistics:
Total patents in corpus: 45,222
Abstract word count:

• Minimum: 8 words
• Maximum: 422 words
• Mean: 143 words

Patents with short abstracts (≤130 words)

Patents with long abstracts (≥ 210 words)

→2021–2022 saw a significant rise in annotation volume (words), tied to earliest priority (2021) and granted dates (2022), 
with Chinese patents contributing disproportionately.

Distribution of abstracts by country Patent distribution by priority date

Distribution of patents by registration year

Distribution of patents by registration year

Distribution of abstracts by country Patent distribution by priority date

N
u

m
b

e
r 

o
f 

ab
st

ra
ct

s

Word count in patent abstracts

Statistical analysis
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Word2Vec

Doc2Vec

Patent ID

Abstracts

Embeddings

Vocabulary
Text 
preprocessing

removing special 
characters/
punctuation/
numbers, 
trimming spaces, 
lowercasing, 
stopword 
removal, 
tokenization, 
lemmatization, 
etc.
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Patent ID

Heatmap

Dendrogram of agglomerative 
clustering

The number of groups is determined based on the estimated number of clusters (k)

Each cluster is characterized by a distinct 
set of keywords defining its unique 
technological domain (topic)

The heatmap visually represents semantic proximity between 
patents (annotations) through color intensity gradients.
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200 60 10 200

(𝑥1, 𝑥2 , . . , 𝑥𝑛 )

120 60 120

Autoencoder

𝑉𝑖𝑛 𝑉𝑜𝑢𝑡
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∙
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Clasterization in 10D-space by
k-means*

Estimation of optimum 
number of clusters by

elbow method**

In general case:
1) N ~  1000    n ~ 50 – 100
2) N ~  100      n ~ 10 – 50

N N

*K-means, DBSCAN, decision trees…
** elbow, silhouette…
***umap, t-SNE, PCA, SVP…

Visual “control” by projecting in 2D 
or 3D-space by means of umap***

Different 
embedding 
dimensions were 
considered:
N = 15, 50, and 200
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Example of visual “control” in 3D
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10 “Topics” (keywords)
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The distribution of the number of patents for the years 1999-2023, with the earliest priority for 10 clusters 
(on a logarithmic scale)

1999  2000   2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  2015  2016  2017  2018  2019 2020  2021   2022   2023           

𝒄𝟓
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2016               2017                2018                         2019                          2021                 2022  2023              2024           

The distribution of the number of patents granted over the years 2016-2024, for 10 different clusters (on a log 
scale)
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Conclusions and future plans

• Developed a specialized algorithm for automated patent data collection from Lens.org, overcoming
free-tier API limitations.

• Created a standardized JSON structure for uniform representation of patent metadata and content.

• Using the ElasticSearch system, applicants and owners were identified, main technological trends
through the IPC were determined, and an express analysis of the dynamics of emergence and
development of new technologies, patents, and solutions in the selected fields was conducted.

• Semantic analysis identified 10 clusters of key terms. These clusters will be further transformed into
distinct thematic topics.

Plans:

Integration of the selected methodology into a decision support system for specialists and researchers
to identify promising areas for patenting and filing applications for inventions in understudied fields
that have the potential to become future technological trends.
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Thank you for your attention!
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