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EXECUTIVE SUMMARY  

The Royal Society provides expert, independent advice to policy-makers and to the general public, 

championing the contributions that science can make to economic prosperity, quality of life and 

environmental sustainability.  

The wƻȅŀƭ {ƻŎƛŜǘȅΩs Disruptive Technology for Research project aims to understand the landscape of 

data-driven and artificial intelligence-based technologies across different fields of scientific research. 

The project will further articulate the impact and risks data-driven technologies can have, outline cases 

of success and seeks to understand the factors that may have slowed adoption and how this might be 

improved. This work will look at different scientific fields as case studies to offer recommendations on 

how the UK government can best support the development, adoption, and uses of such technologies. 

As part of this project, IP Pragmatics Ltd has been commissioned to undertake a patent landscape 

analysis for Artificial Intelligence (AI) related inventions to provide additional information and context 

ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ƴŀƛƴ ŀƛƳǎΦ LƴŦƻǊƳŀǘƛƻƴ ƎƭŜŀƴŜŘ ŦǊƻƳ ǘƘƛǎ ǇŀǘŜƴǘ ƭŀƴŘǎŎŀǇŜ ŀƴŀƭȅǎƛǎ ƛƴ ǘŜǊƳǎ 

of key trends, areas of invention and case studies will enable end users to have an overview of the 

current state of commercialisation for AI related inventions. 

AI PATENT LANDSCAPE SUMMARY  

The artificial intelligence (AI) patent landscape has grown significantly in the last 10 years, as 

indicated by the significant increase in the number of patents over this period. 

 

¶ The last five years accounted for approximately 74% of the total patent landscape, which 

illustrates the significant developments and commercial interest within the field. 

 

Source: Clarivate via Derwent Innovation (data for 2021-2023 is not complete given the 18-month 

delay from the priority filing date and the date of publication)  
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¶ A continuation of the positive patent filing trend is expected as the global AI market is forecast 

to expand at a compound annual growth rate (CAGR) of 37.3% from 2023 to 2030, from a 

market valuation of $136.55 billion in 2022. 

¶ China dominates the patent landscape: 

o the majority of priority patent applications ς an indicator of research and innovation 

ς are filed in China, followed by US, Japan, and Korea. A more recent increase in AI 

patent filings has been observed in India. 

o an analysis of the territories in which applicants choose to subsequently file their 

applications - an indicator of key commercial markets ς is led by China followed by US 

and Europe. 

 

Great Britain ranks 10th in the AI patent landscape top list of countries  

¶ where priority applications are filed 

¶ as a key markets for AI patents 

¶ it accounts for approximately 1.15% of the overall patent landscape. 

 

In Europe, UK ranks second behind Germany. Great Britain is therefore one of the leading European 

players driving AI innovation within science and engineering research areas. 

 

 

 

Defined by technology type, machine learning is the dominant AI sub-field of patenting activity, with 

neural networks forming the most prominent sub-category. Most innovation relating to training 

methods took place after 2016, wherein backpropagation is the leading neural network learning 

method, followed by unsupervised and reinforcement learning methods. 

¶ The filing rate for backpropagation and unsupervised learning decreased in 2020 in contrast 

to reinforcement learning methods which has continued to increase in 2020. 

¶ A number of neural network architectures have emerged since 2016, with combinations of 

neural networks emerging as the most prominent in the scientific and engineering fields. This 
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is closely followed by a continued increased interest in convolutional networks, and to a lesser 

extent recurrent networks. 

 

Key AI patent applicants are commercial organisations; the top players include Siemens, IBM, and 

Samsung Electronics. 

¶ The patent portfolio held by Canon established an early footing in the field of AI, but Alphabet, 

Siemens, IBM, and Samsung are the most influential newcomers. These also appear to be 

the most valuable in the scientific and engineering fields. 

¶ Legal status analysis shows that this is a field with significant growth potential and commercial 

interest, demonstrated by the high proportion of granted and pending patent families, in 

combination with a low proportion of lapsed patent families. 

 

The diversity of AI systems makes it adaptable for performing a wide array of tasks. In terms of the 

application of AI to scientific research, the medical sciences are the most active in relation to AI-related 

innovation, and advances in AI are improving healthcare and patient treatment outcomes and driving 

efficiencies across a wide range of medical and healthcare systems. Unsurprisingly, there is also a 

considerable level of activity across the transport industry, with autonomous vehicles and robots 

being the key focus. 

 

 
 

Note: data for 2021-2023 is not complete given the 18-month delay from the priority filing date and 

the date of publication 
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AI PATENTS IN MEDICINE & PHARMACEUTICAL INVENTIONS 

¶ A search generated a result of 7,745INPADOC patent families for the application of AI in 

medical preparations and pharmaceuticals, with an increase in the patent filing rate over the 

last 10 years. 

¶ The patent landscape map shows significant patenting activity related to genome analysis 

and medical imaging, with significant interest also in understanding disease pathology and 

protein structure. 

¶ Key patents point to the importance of AI for improving the efficiency of diagnosis, 

prognosis, and therapeutic response prediction. The technology is also having a significant 

impact on systems for identifying effective treatments, drug discovery and clinical trials. 

¶ Computer-aided diagnosis and image analysis represent the key research areas, and 

artificial neural networks are most frequently used for image analysis. There also appears to 

be significant interest in supervised data analysis for bioinformatics-related machine 

learning and data mining, as well as health risk assessment. 

¶ The significant interest in the use of AI in diagnostic technology in the pharmaceutical industry 

is expected, as the advent of pharmacogenomics has improved our understanding of disease 

risk and pathology, and facilitated the development of precision medicine and effective 

treatment. 

¶ Top AI patent applicants in this industry sector include Illumina, University Of California, 

and Roche. 

¶ Between 2016 and 2019 there was greater interest in filing patents using AI for image and 

nucleic acid analysis, which has been followed by more interest in developing AI-based 

platforms that leverage pharmacogenomic data and clinical trial datasets to enrich the 

portfolio of candidate drug response biomarkers and prediction of treatment responses. 

¶ Illumina filed the most patents in 2018, following which the growth in their patent portfolio 

appears to have slowed down. This trend was also observed in the patent filings of Siemens, 

Philips, Alphabet, and Fujifilm. In contrast the patent portfolio held by Roche, University of 

California, and IBM have experienced continued growth. Interestingly, the patent filing rates 

by other key players such as Genesis Healthcare and Tata Sons spiked in 2019 and 2020. 

¶ AI patent portfolios held by Roche, University of California and IBM appear to be most 

valuable in this sector. Siemens established an early footing in the field of medical treatment, 

with Harvard University and MIT being pioneers in the area. Most notably, Alphabet is the 

most influential newcomer. 

¶ Roche and Siemens dominate the image analysis sector, with both companies also being 

active in the development of pattern recognition systems. Philips also holds a patent 

portfolio that follows a similar pattern to these companies. Illumina also has a significant 

interest in pattern recognition systems, with a significant focus on cancer genetic analysis. 

Other key players in pattern recognition systems are Alphabet and IBM, however the 

portfolios of the two technology companies are much more diversified.  

¶ Genesis Healthcare appears to dominate the area relating to analysis of biological material, 

with patent filings exclusively in this area. 
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AI PATENTS IN MEDICAL TECHNOLOGY 

¶ A search generated a result of 29,340 INPADOC patent families for the application of AI in 

medical technology, with an increase in the patent filing rate over the last 10 years. 

¶ Significant areas of patenting activity relate to medical imaging, surgery, as well as 

considerable activity around understanding hard to treat cancers and health monitoring. 

¶ AI has had the most significant impact on medical image analysis, diagnostics and health 

management, as well as computer-assisted surgical systems. 

¶ The most recent innovations focus on measurements for diagnostic purposes, computer-

aided diagnosis, and image analysis. While machine learning and neural network learning 

methods are dominant AI approaches, there also appears to be significant interest in systems 

for recognising patterns. Neural networks comprising combinations of networks are 

surfacing within the AI patent landscape for medical technology, and artificial neural 

networks are emerging as the main tool for image analysis, with significant innovation also 

focusing on algorithmic training methods. 

¶ Deep learning systems are a key area of research, with particular interest in convolutional 

neural networks. There also appears to be significant interest in unsupervised learning, as well 

as medical imaging and physiological data. 

¶ The top players filing AI patents in this field include Philips, Siemens, and IBM. 

o While Siemens led the field between 2015 and 2017, Philips emerged as the leading 

assignee in 2018. In this year, the number of patents held by Fujifilm increased 

significantly over its competitors such as Canon. 

¶ Siemens dominates most key areas, with greatest focus on the image analysis sector, which 

also has significant competition from Philips, Fujifilm and Canon.  

o While most healthcare technology companies are heavily invested in image analysis 

and machine learning, Samsung is more focused on measuring systems for diagnostic 

processes, which also appears to be the focus of the University of Chandigarh.  

o IBM dominates the area of the patent landscape focusing on using patient-specific 

data. 

¶ The AI patent portfolios held by Siemens, Philips, and IBM appear to be most valuable. 

Canon was one of the earliest patent filers, with IBM, Fujifilm, Samsung, and University of 

Chandigarh also well established. Siemens is the most influential player, and Alphabet is 

quickly becoming an important player. 

 

AI PATENTS IN BIOTECHNOLOGY & CHEMICAL INVENTIONS 

¶ A search generated a result of 15,012 INPADOC patent families for the application of AI in 

biotechnology and chemistry sectors, with a positive trend the patent filing rate over the last 

10 years. 

¶ Significant areas of AI patenting activity relate to relate to cancer, genomic data, gaseous 

emissions, with significant interest also in microcontrollers.  

¶ Key subject matter focuses on measuring processes involving nucleic acids and methods for 

recognising patterns, with the emergence of supervised data analysis for bioinformatics-
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related machine learning or data mining and ICT systems specially adapted for functional 

genomics or proteomics. Combinations of neural networks form the core of new patent 

filings, and artificial neural networks and algorithmic training methods appear to be the most 

common methods for image analysis. 

¶ Key patents also appear to relate to machine learning for environmentally controlled 

vertical farming systems, and crop health monitoring, assessment and prediction. Moreover, 

AI has had a profound impact on the monitoring of bioreactors, genomic engineering, 

hydraulic fracturing and natural resource exploration using microbial/genetic information. 

¶ Leading applicants include International Business Machines Corp, University of Chandigarh, 

and Halliburton Co Holding. 

¶ IBM became the leading patenting organisation in 2017, but Illumina emerged as the top 

assignee in 2018, while Genesis Healthcare exhibited the most significant increase in 2019. 

o The rate of growth subsequently slowed down in 2020 and similar levels of patent 

activity were observed across the top parent organisations. 

¶ Siemens and Saudi Arabian Oil Company both established themselves early in AI-related 

patenting activity while L.aΩǎ ǇŀǘŜƴǘ ǇƻǊǘŦƻƭƛƻ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǇƛƻƴŜŜǊƛƴƎ. Alphabet and 

Illumina represent new entrants and have had the most significant impact on research. 

Nevertheless, LG electronics has a more valuable patent portfolio due to a much higher 

number of granted patent families. 

¶ LG Electronics, IBM, Schlumberger, Alphabet, Illumina and Deere dominate with patents 

relating to machine learning and neural network learning methods.  

o Genesis Healthcare leads AI-related innovation in the analysis of biological and 

chemical material, while Illumina appears to be the most significant player in cancer 

genetic analysis, and Deere driving innovation in methods for recognising patterns. 

AI PATENTS IN ENGINEERING & TRANSPORT 

¶ A search generated a result of 45,454 INPADOC patent families for the application of AI in 

engineering sectors, which has experienced significant growth in the patent filing rate over 

the last 10 years. 

¶ Concentrated areas of patenting within the patent landscape relate to computer vision and 

vehicular environment, and robotics. 

¶ AI innovation is having the most significant impact in relation to intelligent diagnosis systems 

for structural defects, autonomous vehicle control and machine learning systems for 

controlling robots. 

¶ Machine learning, neural network learning methods, image analysis, and methods for 

recognising patterns patent classifications dominate, wherein AI appears to primarily be 

used to control vehicles and manipulators.  

o Most patents have been filed between 2018 and 2021  

o Combinations of neural networks and recurrent networks are the most frequent 

neural networks used, with backpropagation being the leading neural network 

learning method.  

o There is also significant patent activity relating to probabilistic graphical models, 

while artificial neural networks and algorithmic training methods are the most 
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common AI systems being developed for image analysis within the engineering 

industry. 

¶ Key AI concepts in engineering research appear to focus on computer vision and 

microcontroller systems, with particular interest in training models and reinforcement 

learning, as well as neural network neuron structure. 

¶ Top players include Bosch Robert, LG Electronics, and Siemens. 

o Bosch and LG Electronics have significantly increased the number of patents filed with 

the majority of the patent portfolio held by LG Electronics originating in 2019. This is 

in contrast to other top players whose patent portfolios have increased more steadily 

over the last 10 years 

o Bosch and Toyota emerged as the most active patent applicants in 2020. 

¶ Several players, such as FANUC, established an early footing in the engineering space, with 

Hyundai and JAIN being the latest newcomers. Important players include automotive 

manufacturers, such as Toyota and Mitsubishi, with Alphabet also emerging as a pioneer in 

the area. The portfolios of Toyota, FANUC, and Siemens are considered more valuable in the 

engineering field when based on the higher proportion of granted patent families held by 

these companies. 

¶ Ford and Toyota have also invested significantly in methods for recognising patterns. In 

contrast, there appears to be less interest from the automotive industry in image analysis, 

as this area is dominated by Siemens, Canon and Hitachi. There also appears to be significant 

interest in programme-controlled manipulators, with substantial number of patents filed by 

Alphabet, FANUC and LG Electronics. 
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1 METHODOLOGY 

1.1 SEARCH STRATEGY 

The search strategy was drafted utilising key search terms and classification codes to identify the 

overall patent landscape for artificial intelligence (AI) to help understand how AI is transforming 

scientific and engineering researchΦ ¢ƘŜ ǎŜŀǊŎƘ ǎǘǊƛƴƎǎ ǿŜǊŜ ŘǊŀŦǘŜŘ ǳǎƛƴƎ Lt tǊŀƎƳŀǘƛŎǎΩ ǎǳōǎŎǊƛǇǘƛƻƴ 

landscape tool, Derwent Innovation, with additional analysis conducted in Orbit by Questel. The 

Derwent Innovation database contains full text patent information from all the major patent 

territories, bibliographic data from other territories (covered by International Patent Documentation 

(INPADOC)), plus augmented data added by Derwent World Patent Index, DWPI. 

Searches were limited to the last 10 years to focus on recent trends, and keywords chosen to represent 

the AI technology areas currently dominating the research field. The chosen keywords were searched 

across the Title/Abstract/Claims fields, as these include the critical technical features of inventions. 

hǘƘŜǊ ǊŜƭŜǾŀƴǘ ƪŜȅǿƻǊŘǎ ǎǳŎƘ ŀǎ άǊƻōƻǘƛŎǎέΣ άōƛƎ Řŀǘŀέ ƻǊ άǎǇŜŜŎƘ ǊŜŎƻƎƴƛǘƛƻƴέ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ǎǳō-

topics of the key areas, hence were not included to keep the dataset focused. The appendix details 

the keywords that formed the basis of our searches. 

Nevertheless, the wide variety of AI-related terminology presents a risk for keyword-based searching 

missing relevant patent data, hence the search strategy includes a combination of IPC/CPC codes and 

DWPITM Manual Codes relating to AI, in order to broaden the coverage without compromising the 

accuracy of the dataset. The IPC/CPC codes and DWPITM Manual Codes are technology indexing 

systems used to categorise patents based on subject matter. 

The IPC/CPC codes and DWPITM Manual Codes were also used to focus the analysis of AI applications 

within the natural sciences and engineering fields in order to provide more granular information on 

how AI is transforming research. Patent documents relating to ICT systems adapted for administrative, 

advertising, commercial, educational and financial purposes were excluded from our analysis given 

their lower impact on scientific research. 

The total dataset generated was used to investigate the overall trends and geographical distribution 

of the AI patent landscape. A number of sub-searches were performed to permit more detailed 

insights on the identified key AI application areas, given the size and diversity of the patent landscape. 

Since patent filings in China dominate the patent landscape, we took an early decision in the search 

strategy to omit China-only applications, to avoid skewing the subsequent analysis of the AI patent 

landscape. 

The Appendix of this report also lists the search codes used in the searching strategy, as well the 

definitions of IPC/CPC classifications and DWPITM Manual Codes. 
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1.2 LANDSCAPE MAPS 

Derwent Innovation can be used to generate sophisticated patent landscapes to visualise the 

relationship between patents in a common technology area based on key words within the claims 

and/or abstracts/text of individual patents within the searched field. The sets of INPADOC patent 

families identified in the patent landscape searches were ƳŀǇǇŜŘ ǳǎƛƴƎ 5ŜǊǿŜƴǘ LƴƴƻǾŀǘƛƻƴΩǎ 

proprietary ThemeScapeϰ mapping tool to generate visual maps of patenting activity, where subject 

matter of high patenting activity is ǊŜǇǊŜǎŜƴǘŜŘ ōȅ άǇŜŀƪǎέ ƻƴ ǘƘŜ ǊŜǎǳƭǘƛƴƎ ƳŀǇ. Maps were 

generated for each of the different sectors.  

1.3 FORWARD CITATION ANALYSIS 

There are a number of metrics that can be used to determine key patents within the AI sector, these 

include: age of the patent from the priority date, independent claim count, first claim word count, as 

well as family size and breadth of international filings. A commonly used indicator is the number of 

times that a patent ƛǎ ŎƛǘŜŘ ōȅ ŀ ƭŀǘŜǊ ǇŀǘŜƴǘ όάŦƻǊǿŀǊŘ ŎƛǘŀǘƛƻƴέύΣ ǿƘŜǊŜ ƳƻǊŜ ǾŀƭǳŀōƭŜ ǇŀǘŜƴǘǎ ǘŜƴŘ 

to be cited more often than less valuable patents. In order to minimise bias, only non-self forward 

citations were examined, as assignees frequently cite their own patent families. The basic concept has 

broad recognition and has been extensively tested, since valuable patents are likely to encourage 

research and patenting in similar areas to capitalize on the potential economic reward. However, the 

age of patent families and technical domain also have an effect on the number of citations, and 

therefore the methodology for non-self forward citations corrects and accounts for these factors. The 

technology impact metric in Orbit by Questel provides a means to normalise the dataset, wherein an 

average patent family has a score of 1, which helps to identify key patent families. 
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2 AI PATENT FILING LANDSCAPE 

2.1 FILING RATE 

Patent filing trends offer a snapshot of the level of activity in the technology space over a given period. 

The artificial intelligence (AI) patent landscape has grown significantly in the last 10 years, as shown 

by the significant increase in the number of patents filed. There was a steady increase in patent filings 

for AI applications in science and engineering between 2013 and 2016, which has been followed by a 

steeper increase more recently. The last five years account for approximately 74% of the total patent 

landscape, which illustrates the significant developments and commercial interest within the field. 

This is be expected given the progress in the hardware and processing technology which has occurred 

over a similar time period, as tƘŜ Řŀǘŀ ƴŜŜŘŜŘ ǘƻ άǘŜŀŎƘέ ŎƻƳǇǳǘŜrs is no longer the bottleneck, with 

storage and processing power needed to execute deep learning now available, fast and cost-

effectively1.  

Please note, 2021-2023 data given in the graph will not be complete, due to the 18-month delay 

between priority application and publication. Nevertheless, we can expect to see a continuation of 

the positive trend, given that the global AI market size is expected to expand at a compound annual 

growth rate (CAGR) of 37.3% from 2023 to 2030, from $136.55 billion in 20222. 

 

Source: Clarivate via Derwent Innovation  

 

1  https://www.theguardian.com/society/2017/sep/12/patients-illnesses-could-soon-bediagnosed-

by-ai-nhs-leaders-say 

2 https://www.grandviewresearch.com/industry-analysis/artificial-intelligence-ai-market 

https://www.theguardian.com/society/2017/sep/12/patients-illnesses-could-soon-bediagnosed-by-ai-nhs-leaders-say
https://www.theguardian.com/society/2017/sep/12/patients-illnesses-could-soon-bediagnosed-by-ai-nhs-leaders-say
https://www.grandviewresearch.com/industry-analysis/artificial-intelligence-ai-market


18 | P a g e 

 

2.2 PRIORITY FILING COUNTRIES 

The top priority countries can be analysed to see where the patent applications are initially filed and 

claim their priority from. This can be a good indicator of the countries leading in research and 

innovation in a particular technology field, since organisations generally file patent applications first 

in the local territories where their research bases are located. Likewise, for universities the priority 

country will usually tend to be the country in which they are based. 

The AI patenting landscape is dominated by China, which accounts for approximately 62% of the 

patent landscape. It is followed by US which represents approximately 13.2% of all priority 

applications. Japan constitutes approximately 6.75% of the patent landscape, while Korea accounts 

for approximately 5.75%. Interestingly, there appears to be a more recent increase in AI patent filings 

in India. Great Britain represents a significantly smaller portion of the AI patent landscape, ranking 

10th in the list, with approximately 0.5% of all priority applications (Section 2.4 has further analysis). 
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2.3 PROTECTION COUNTRIES 

Similarly, we can look at the countries elected for patent protection (i.e. the jurisdictions of granted 

active patents including the countries where European patents are active). This is a good indicator of 

the leading markets in a given field. In this instance China is the leading jurisdiction, accounting for 

approximately 44.58% of all granted patents. It is followed by US which represents 13.3% of the patent 

landscape, and Europe which has approximately 8.45% of all granted patents. Notably, despite most 

research taking place in Asia and North America, Europe represents a key major market. However, 

the Chinese and US markets are growing at a faster pace than in Europe. Great Britain ranks 10th in 

the analysis, accounting for approximately 1.15% of the patents granted.   
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2.4 GREAT BRITAIN 

The use of AI in the science and engineering market is being driven primarily by the demand for AI 

technology to improve processes across key areas. It is therefore unsurprising to see a correlation 

between patent filing trends and global market shares3. North America represents the leading market, 

which is likely due to an interplay of a number of factors, such as the presence of many top science 

and technology companies, as well as a highly skilled workforce3. Interestingly, the Asia-Pacific region 

is predicted to have the highest compound annual growth rate (48.6%) between 2022 and 2027, in 

comparison to the US (43%) and Europe (46.5%)3, which is also reflected in the granted patent trends 

shown in Section 2.3. The patent landscape also complements the reported increase in activities 

within the healthcare industry in China and India3. In a recent report by BCC, in Europe, UK has the 

second largest share of the AI in life sciences market after Germany, accounting for approximately 

14.7% and having the highest predicted compound annual growth rate of 47.9% in the region3. As a 

result, ǘƘŜ ¦Y ƎƻǾŜǊƴƳŜƴǘ Ƙŀǎ ŦƻǊƳŜŘ ǘƘŜ άOffice for Artificial Intelligenceέ to support the plan for 

continued growth. 

Global Market Shares of Machine Learning in the Life Sciences, by Region, 2021 (%) 

 
Source: BCC Research 

European Market Shares of Machine Learning in the Life Sciences, by Country, 2021 (%) 

 
Source: BCC Research 

 
3 Global Markets for Machine Learning in the Life Sciences. October 2022. BCC Publishing Staff. Report Code: 

HLC284A 
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In Section 2.2 and 2.3, Great Britain is shown to represent a smaller portion of the AI patent landscape 

in science and engineering, in comparison to North America and Asia-Pacific regions. However, in 

Europe, it can be more difficult to estimate patent filing rates across individual territories, as applying 

for a regional European patent is a common IP strategy (it can be simpler and more cost-effective than 

obtaining individual national patents in the member states of the European Patent Convention). As a 

result of the international interest in AI within science and engineering, this route often provides more 

commercial and strategic advantages, as illustrated by a recent report, which found that άaround 88% 

of AI-related patents first filed in the UK are also protected elsewhere, and this is in contrast with two 

big global players, the US and China, who have 53% and 19% respectively of patents protected in other 

ƧǳǊƛǎŘƛŎǘƛƻƴǎΦέ4 

As a result, in order to provide a more accurate estimate of filing rates within each European country, 

the following graph incorporates data relating to assignee location, provided by Derwent Intelligence. 

The visualisation compares the number of patents filed in the top five European countries, where UK 

ranks second following Germany, which complements market data. The implementation of AI 

technology within the manufacturing sector in Germany appears to be the key factor driving the 

evident growth in innovation, as the manufacturing sector represents 25% of DŜǊƳŀƴȅΩs economy3. 

Great Britain is therefore one of the leading European players driving AI innovation within science and 

engineering research areas. 

 

  

 

4 https://www.potterclarkson.com/insights/patenting-ai-in-the-uk-trends-and-outlook/ 
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In response to the gap in AI innovation when compared with the North American and Asia-Pacific 

regions, the UK government has set up a number of grants to help boost developments. For instance, 

the Life Sciences Innovative Manufacturing Fund includes £17 million in government funding, which is 

supported by additional private investment of £260 million to help fund life sciences manufacturing 

projects in both medical diagnostics and human medicines5. AI technology provides an important 

opportunity to grow the UK economy6, hence such funding schemes will be imperative to help drive 

ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ǎǳǇǇƻǊǘ ¦YΩǎ Ǉƻǎƛǘƛƻƴ ŀǎ one of the leaders in science and engineering. As result, recent 

growth rate in UK patent filings has become similar to other key territories, such as the US, despite 

the UK representing a smaller portion of the patent landscape. 

Although market differences are likely to be the primary factor driving the apparent differences in 

patent filing rates across the world, the various patent law and regulatory frameworks (including data 

protection) may also have an impact on innovation. For instance, the European Patent Convention 

and UKIPO follow similar approaches when assessing AI inventions, wherein computer programs and 

mathematical methods are excluded from patentability, unless such inventions provide a novel and 

ƛƴǾŜƴǘƛǾŜ άǘŜŎƘƴƛŎŀƭ ŜŦŦŜŎǘέ7. This is covered in more detail in Section 10 in this report. In addition, 

methods of treatment and diagnosis are generally not patentable in Europe, so that medical 

practitioners are not restricted at the point of care of a patient8. In contrast, the USPTO is reported to 

follow a more permissive approach in terms of patentable applications of AI and methods9. We can 

see that a higher proportion of patents in the US are granted than in the UK, where patents may also 

have faced increased regulatory challenges, as shown by the higher proportion of revoked patents. 

  

 
5 https://www.gov.uk/government/news/life-sciences-companies-supercharged-with-277-million-in-

government-and-private-investment 
6 https://www.gov.uk/government/news/initial-100-million-for-expert-taskforce-to-help-uk-build-and-adopt-

next-generation-of-safe-ai 
7 https://cameronintellectualproperty.com/ai-patentability-in-europe-us-your-chances-before-epo-uspto/ 
8 https://www.vennershipley.co.uk/insights-events/patentability-of-methods-of-treatment-and-

diagnosis/#:~:text=This%20has%20led%20to%20the,the%20human%20or%20animal%20body%E2%80%A6%E

2%80%9D 
9 https://cameronintellectualproperty.com/ai-patentability-in-europe-us-your-chances-before-epo-uspto/ 
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Nevertheless, a quantitative comparison of patent filings in each country provides a very little insight 

into the quality of AI innovation within science, technology, engineering, and mathematics (STEM) 

research, as it does not consider the impact of patent filings on the patent landscape. In order to 

investigate the impact of AI innovation in each country, the άAverage Technology Index Scoreέ 

(provided by Orbit by Questel) was utilised, as described in Section 1.3. Interestingly, although China 

has filed significantly more patents than any other territory, the patent filings in US appear to have a 

higher technological impact on the landscape. Similarly, despite India exhibiting the most significant 

growth rate in AI patent filings in the science and engineering sectors, the innovation does not appear 

to have a significant impact. In contrast, although the UK represents a smaller portion of the patent 

landscape, research and innovation by UK organisations appears to be having a profound impact, as 

the UK is amongst the highest ranking in world. In particular, the UK has a higher impact than Canada, 

Germany, France, Japan, Korea, and Australia. Please note, the graph does not show EP and WO patent 

filings, which are common patent filing strategies, and can therefore have an effect on the analysis. 
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Although the UK is one of the leaders in AI innovation within the science and engineering sectors, the 

following chart investigates areas of strength and weakness of patents filed by UK organisations. It 

can be observed that in the UK a higher proportion of patent filings are focused on the engineering 

and transport sectors, which appears to be driven by patent filings by major industry players, such as 

BP, Jaguar Land Rover, BAE Systems, and Rolls Royce, with significant interest also from the University 

of Oxford, University of London, and Cambridge University. The limitations in the patentability of 

treatment and diagnostic methods in the UK may have also contributed to lower interest in medical 

technology. Since patent law is more similar in Europe, comparable trends can also be observed in the 

region. In contrast, patent activity relating to medical technology is higher in China, US, India, Korea, 

and Japan. Biotechnology and medicine fields are also represented less in the UK. In response, the 

government has opened a number of centres of excellence dedicated to developing AI technology in 

healthcare, such as the Artificial Intelligence Centre for Value-Based Healthcare and the London 

Medical Imaging10, in order to keep the UK competitive in these areas. As a result, it can be observed 

in the following figures that UK patent filings are making a significant impact in science and 

engineering, based on the technology impact index score. 

 

  

 
10 https://www.gov.uk/government/news/artificial-intelligence-to-help-save-lives-at-five-new-technology-

centres 
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3 AI PATENTING TRENDS 

Whilst the data shows China dominating the AI patent landscape, it is important to highlight that a 

large proportion of the patents are filed exclusively in China. Since most of these patent applications 

do not reach national phase, these are unlikely to have an impact on the wider scientific and 

engineering community. Therefore, our search strategy hereon in the report omits China-only 

applications, in order to provide a more accurate picture of the AI patent landscape and eliminate any 

analysis bias that may be generated through retaining domestic China-only applications.  

Please note, 2021-2023 data were omitted from the graphical representations, since data for these 

years will be incomplete due to the 18-month delay between priority application and publication. 

The AI patent filing trends are not affected by the exclusion of China-only applications from the 

dataset. 

3.1 FILING RATE BY AI TECHNOLOGY 

Technology filing trends were investigated to gain an understanding of the technology areas driving 

the rapid growth of AI patent activity. Machine learning is the dominant AI technique: 
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3.1.1 MACHINE LEARNING 

aŀŎƘƛƴŜ ƭŜŀǊƴƛƴƎ ŎƻƴǎǘƛǘǳǘŜǎ ŀ ǿƛŘŜ ŀǊǊŀȅ ƻŦ ǎȅǎǘŜƳǎ ǘƘŀǘ ŎƻƳǇǊƛǎŜ άƭŜŀǊƴƛƴƎέ ƳŜǘƘƻŘǎ ǘƘŀǘ ƭŜǾŜǊŀƎŜ 

the power of data to improve functional performance. Neural networks form the most significant pool 

of patents within machine learning, which has shown a significant increase in the patent filing rate 

between 2013 and 2020. It is followed by ensemble machine learning methods which has also 

experienced continued growth over the period of our analysis. Interestingly, the patent filing rate for 

other key methods experienced a slower rate of growth in 2020 than in previous years. 
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3.1.2 NEURAL NETWORK LEARNING METHODS 

As already mentioned, neural networks form the largest sub-division of machine learning. Neural 

networks represent an efficient means to solve problems and carry out tasks that can be used in 

various situations. As a result, multiple methods have been developed to train neural networks to 

optimise performance. Much of the innovation relating to training methods took place after 2016, 

with backpropagation emerging as the leading method patented. It is followed by unsupervised and 

reinforcement learning methods. While the filing rate for backpropagation and unsupervised learning 

decreased in 2020 compared to 2019, reinforcement learning methods have continued to increase. 
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3.1.3 NEURAL NETWORK ARCHITECTURE 

Neural networks function by passing data through the layers of an artificial neuron designed to mimic 

the processing power of a human brain. The architecture of neural networks is made up of an input, 

output, and hidden layer. The configuration can have a profound effect on the efficiency of the neural 

network to perform a given task, hence neural networks are comprised of a wide array of structures. 

A number of neural network layouts have emerged since 2016; combinations of networks are the most 

prominent in the scientific and engineering fields. This is closely followed by the continued interest in 

convolutional networks, and to a lesser extent recurrent networks. 
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3.2 AI APPLICATIONS 

It is clear that the diversity of AI systems makes it adaptable for performing a wide array of tasks. In 

terms of the application of AI to scientific research, the medical sciences are the most active in relation 

to AI-related innovation, and advances in AI are improving healthcare and patient treatment outcomes 

and driving efficiencies across a wide range of medical and healthcare systems. Unsurprisingly, there 

is also considerable level of activity across the transport industry, with autonomous vehicles and 

robots being the key focus. 
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Note: data for 2021-2023 is not complete given the 18-month delay from the priority filing date and 

the date of publication 

3.3 TOP CLASSIFICATIONS 

3.3.1 IPC CLASSIFICATIONS 

Classification analysis can provide further insights into the areas driving the growth of AI in the 

scientific and engineering industries. The International Patent Classification (IPC) provides a 

hierarchical system of language independent symbols for the classification of patents and utility 

models according to the different areas of technology to which they pertain. The IPC divides 

technology into eight sections with approximately 70,000 subdivisions. The relevant IPC symbols are 

displayed on each patent document, of which more than 1,000,000 were issued each year in the last 

10 years. 

In order to verify the relevance of the patents listed, and to look in more detail at the areas of technical 

focus, an analysis of the top 10 current IPC codes from the patent landscape was performed (see table 

below). As mentioned, IPC codes are a mechanism of categorising the patents by detailed subject 

matter and have been used in part to frame the search strategy, so there will be some bias towards 

the top-level codes we used in the search in these results. 

Each patent is typically classified according to one or more IPCs as the subject matter may cover a 

number of technology fields. The top 10 IPC listing highlights and explains the most frequent IPC codes 

identified within the patent families listed: 

 

Source: Clarivate via Derwent Innovation 
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Rank  IPC Number 
of 
Families  

Definition  

1 G06N20/00 6702 G06N20/00 Machine learning 
2 G06N3/08 6430 G06N3/00 Computing arrangements based on biological 

models 
G06N3/02 Neural networks 
G06N3/08 Learning methods 

3 A61B5/00 5893 A61B5/00 Measuring for diagnostic purposes; Identification 
of persons 

4 G06T7/00 5306 G06T7/00 Image analysis 
5 G16H50/20 4245 G16H50/00 ICT specially adapted for medical diagnosis, 

medical simulation or medical data mining; ICT 
specially adapted for detecting, monitoring or 
modelling epidemics or pandemics 

G16H50/20 for computer-aided diagnosis, e.g. based on 
medical expert systems 

6 G06K9/00 3747 G06K9/00 Methods or arrangements for recognising patterns 
7 G06N3/04 3606 G06N3/00 Computing arrangements based on biological 

models 
G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 

8 G06K9/62 3232 G06K9/00 Methods or arrangements for recognising patterns 
G06K9/62 Methods or arrangements for pattern recognition 

using electronic means 
9 G16H30/40 1865 G16H30/00 ICT specially adapted for the handling or processing 

of medical images 
G16H30/40 for processing medical images, e.g. editing 

10 G16H10/60 1652 G16H10/00 ICT specially adapted for the handling or processing 
of patient-related medical or healthcare data 

G16H10/60 for patient-specific data, e.g. for electronic patient 
records 

The majority of the top 10 IPCs are within the G06N classifications groups, which broadly covers the 

fields of computational models, thereby verifying the relevance of the patents picked up by the 

search strategy. The top AI related IPCs relate to machine learning (G06N20/00), neural networks 

learning methods (G06N3/08), and image analysis (G06T7/00).  

Our classification analysis reveals that AI technology is most frequently applied to: measuring for 

diagnostic purposes (A61B5/00), computer-aided diagnosis (G16H50/20) and for the processing of 

medical images (G16H30/40).  
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To see how the patent landscape has evolved over the last 10 years, we looked at how the filing rates 

have changed for the different AI technologies. 2016 represents the year with the most technological 

diversity, as many of the technologies were represented equally. Machine learning (G06N20/00) and 

neural network learning methods (G06N3/08) are emerging as the two leading areas of patenting 

activity. A significant increase in the number of patent filings between 2019 and 2020 have also been 

observed in the fields of image analysis (G06T7/00) and computer-aided diagnosis (G16H50/20). 

Interestingly, despite the significant increase in patent filings relating to image analysis and computer-

aided diagnosis, as well as measuring for diagnostic purposes (A61B5/00), a parallel increase has not 

been reflected in patent filings relating to the processing of medical images (G16H30/40) or patient-

specific data (G16H10/60). This difference suggests that AI patent applications have recently evolved 

to provide assistance in more skilled or complex tasks, such as diagnosis. 
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3.3.2 CPC CLASSIFICATIONS 

The Cooperative Patent Classification (CPC) is based on the IPC, but gives a more specific level of detail, 

as IPCs provide less granularity than CPCs on the technology classifications. The relevant CPC 

classifications were analysed to provide more detailed information on the key areas of interest for 

patent protection. 

 

Source: Clarivate via Derwent Innovation 

Rank  CPC Number 
of 
Families  

Definition  

1 G06N20/00 9507 G06N20/00 Machine learning 

2 G06N3/08 9400 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

3 G16H50/20 6996 G16H50/00 ICT specially adapted for medical diagnosis, 
medical simulation or medical data mining; 
ICT specially adapted for detecting, 
monitoring or modelling epidemics or 
pandemics 

G16H50/20 for computer-aided diagnosis, e.g. based on 
medical expert systems 

4 G06N3/045 6280 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 
G06N3/045 Combinations of networks 
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Rank  CPC Number 
of 
Families  

Definition  

5 G06T2207/20081 4766 G06T2207/00 Indexing scheme for image analysis or image 
enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20081 Training; Learning 

6 G06T2207/20084 4697 G06T2207/00 Indexing scheme for image analysis or image 
enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20084 Artificial neural networks [ANN] 

7 G06T7/0012 3362 G06T7/00 Image analysis 
G06T7/0002 Inspection of images, e.g. flaw detection 
G06T7/0012 Biomedical image inspection 

8 G16H30/40 3259 G16H30/00 ICT specially adapted for the handling or 
processing of medical images 

G16H30/40 for processing medical images, e.g. editing 

9 G16H50/70 3197 G16H50/00 ICT specially adapted for medical diagnosis, 
medical simulation or medical data mining; 
ICT specially adapted for detecting, 
monitoring or modelling epidemics or 
pandemics 

G16H50/70 for mining of medical data, e.g. analysing 
previous cases of other patients 

10 G06V10/82 2991 G06V10/00 Arrangements for image or video recognition 
or understanding 

G06V10/70 using pattern recognition or machine learning 
G06V10/82 using neural networks 

Analysis of the top CPC classifications reaffirms the same technology fields identified by top IPC 

classifications, such as machine learning (G06N20/00), neural networks learning methods (G06N3/08) 

and computer-aided diagnosis (G16H50/20). In addition, CPC analysis reveals that images are 

primarily analysed using artificial neural networks (G06T2207/20084). It also uncovers that there is 

significant interest in combining neural networks (G06N3/045), which appears to help AI systems to 

accurately perform more complex tasks11. This may help to explain the emergence of AI patent 

applications in more technically demanding areas, such as computer-aided diagnosis (G16H50/20). 

  

 

11 https://www.sciencedirect.com/science/article/abs/pii/S0893608096000986 

https://www.sciencedirect.com/science/article/abs/pii/S0893608096000986
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The CPC classification trend analysis also reveals the recent emergence of image analysis using 

artificial neural networks (G06T2207/20084) and neural networks having combinations of networks 

(G06N3/045). There have also been small increases in the number of patent filings relating to: the 

mining of medical data (G16H50/70), biomedical image inspection (G06T7/0012), and pattern 

recognition (G06V10/82). 
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3.3.3 TECHNOLOGICAL DOMAINS 

International Patent Classification (IPC) codes can also be used to identify the technical domains of 

the AI patent landscape, since IPC codes are grouped into 35 technology fields. The analysis helps to 

visualise the diversity of the patent landscape and identify the main applications of AI. The main areas 

for the application of AI technologies are in medical technology, measurement, transport and 

electrical machinery. 
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3.3.4 CLASSIFICATION ANALYSIS 

The main areas of AI innovation across the patent landscape relate to machine learning (G06N20/00), 

neural network learning methods (G06N3/08), image analysis (G06T7/00), and methods for 

recognizing patterns (G06K9/00). However, a number of AI systems appear to have emerged in specific 

areas of the STEM patent landscape, as shown in the following graph summarizing the main areas of 

growth by comparing patent family velocity, which corresponds to the average count of patent 

families filed in the last 5 years. It can be observed that machine learning systems and neural networks 

ranked the highest across the key STEM research areas, however image analysis patent filings are 

more concentrated in the medical technology segment of the patent landscape, while bioinformatic 

ICT systems are more represented in biotechnology & chemistry and medicine & pharmaceuticals. 
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The analysis of more focused IPC classifications reveals that computer aided diagnostics are the main 

focus of recent innovation within medical technology, while program-controlled manipulators and AI-

controlled vehicles were the main areas driving innovation in the engineering & transport sectors. 

Interestingly, in biotechnology & chemistry supervised data analysis was the main area of focus, which 

appears to be primarily used for biostatistics and bioinformatics-related machine learning or data 

mining. This area also appears to score highly in the medicine & pharmaceuticals segment, however 

ICT systems adapted for health risk assessment scored higher, along with computer-aided diagnostics. 
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A more in-depth analysis of top CPC classifications reveals additional information regarding top AI 

systems across the STEM research areas. It can be seen that combinations of neural networks are the 

main focus of recent patent filings in biotechnology & chemistry and engineering & transport sectors 

of the patent landscape, while image analysis using artificial neural networks is the dominant 

technology focus in medical technology. Interestingly, in medicine & pharmaceutical sectors both 

areas have very similar levels of interest, likely due to equal need improvement in our understanding 

of disease pathology and development of new therapeutic solutions. 
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3.4 KEY AI PATENT LANDSCAPE CONCEPTS 

The following figure illustrates the distribution of the main concepts across the AI patent landscape, 

which provides additional depth to key research areas identified from classification analysis. Neural 

networks and machine learning models are key concepts within the AI patent landscape, with a 

significant focus on the hidden layers which form neural networks. It can also be observed that a 

smaller number of patent filings are directed towards supervised learning, natural language 

processing and genetic algorithms. 
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3.5 GLOBAL GRANT SUCCESS 

An assessment of the proportion of granted patents compared to patent applications can give 

additional insight into market entry and competition. The following graph compares the legal status 

of patent families picked up by the search strategy in the overall AI patent landscape, in order to 

provide a benchmark for comparing AI applications in each scientific field. The high number of granted 

patent families and low proportion of lapsed patent families implies there is significant commercial 

interest in AI. The higher number of pending patent applications also shows that despite the great 

interest, AI remains a fast-growing area with significant space for innovation. 
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3.6 TOP ASSIGNEES OVERALL 

The following section of the report highlights the top 20 assignees for the number of patents relating 

to AI within the overall scientific and engineering research space, representing both the top industry 

and academic groups in terms of patenting activity. The analysis can provide useful insights to support 

an effective intellectual property commercialization strategy, as it can help to gauge the commercial 

interest and maturity of key areas identified. Commercial organisations make up most of the top 

assignees, thereby indicating the significant commercial interest in AI. Considering the global 

geographic distribution of patent filings, it is no surprise to see major international corporations 

dominate. 
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R
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k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 SIEMENS AKTIENGESELLSCHAFT 1397 Commercial Germany 

2 INTERNATIONAL BUSINESS MACHINES CORP 1191 Commercial US 

3 SAMSUNG ELECTRONICS CO LTD 976 Commercial Korea 

4 KONINKLIJKE PHILIPS N.V. 961 Commercial Netherlands 

5 LG ELECTRONICS INC. 886 Commercial Korea 

6 BOSCH ROBERT GMBH 866 Commercial Germany 

7 ALPHABET INC. 824 Commercial US 

8 TOYOTA MOTOR CORP 693 Commercial Japan 

9 GENERAL ELECTRIC COMPANY 629 Commercial US 

10 CANON INC 599 Commercial Japan 

11 UNIV CHANDIGARH 557 Academic India 

12 MITSUBISHI ELECTRIC CORP 542 Commercial Japan 

13 INTEL CORPORATION 484 Commercial US 

14 HITACHI LTD 482 Commercial Japan 

15 FUJIFILM BUSINESS INNOVATION CO 466 Commercial Japan 

16 PORSCHE AUTOMOBIL (VOLKSWAGEN) 431 Commercial Germany 

17 SONY CORP 428 Commercial Japan 

18 UNIV JAIN 424 Academic India 

19 NEC CORP 394 Commercial Japan 

20 HUAWEI TECHNOLOGIES COMPANY LTD 387 Commercial China 
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GREAT BRITAIN 

The top patent filing UK organisations include: 

 

Source: Clarivate via Derwent Innovation 
R

a
n
k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 UNIVERSITY OF OXFORD 49 Academic GB 

2 ALPHABET INC. (DEEPMIND TECH LTD) 45 Commercial GB 

3 IMPERIAL COLLEGE 22 Academic GB 

4 DYSON LIMITED 16 Commercial GB 

5 CAMBRIDGE UNIVERSITY 15 Academic GB 

6 BRITISH AMERICAN TOBACCO PLC 15 Commercial GB 

7 BABYLON PARTNERS LTD 15 Commercial GB 

8 BP P.L.C. 12 Commercial GB 

9 APTIV PLC  12 Commercial GB 

10 BAE SYSTEMS PLC. 10 Commercial GB 

11 ROLLS ROYCE HOLDINGS PLC 10 Commercial GB 

12 OPTELLUM LTD 9 Commercial GB 

13 IESO DIGITAL HEALTH LTD 9 Commercial GB 
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Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

14 BENEVOLENTAI TECHNOLOGY LTD 9 Commercial GB 

15 WHEELRIGHT LTD 9 Commercial GB 

16 MIRADA MEDICAL LTD 7 Commercial GB 

17 UNIVERSITY OF BIRMINGHAM 6 Academic GB 

18 UNIV DUBLIN TECHNOLOGICAL 6 Academic GB 

19 BIOS HEALTH LTD 6 Commercial GB 

20 KHEIRON MEDICAL TECHNOLOGIES LTD 6 Commercial GB 

3.6.1 FILING TRENDS AMONGST TOP ASSIGNEES 

It can also be useful to analyse the annual patent filing trend among the top assignees, in order to 

understand the level of interest of key players. AI-related patent portfolios held by the top 20 

assignees all experienced growth over the last 10 years. Please note, 2021-2023 data given in the 

graph will not be complete, due to the 18-month delay between priority application and publication. 

 

Source: Clarivate via Derwent Innovation  



48 | P a g e 

 

3.6.2 TECHNOLOGICAL FOCUS  

The patents filed by the top assignees across the leading IPC classifications can provide further insights 

regarding their key areas of interest within the patent landscape. The patent portfolio held by Siemens 

is the most diverse, and dominates areas relating to image analysis (G06T7/00 & G06K9/62) and 

pattern recognition (G06K9/62). Siemens also leads in the patenting of neural network learning 

methods (G06N3/08), however this area is more competetive, with significant activity also from 

Samsung, Alphabet and LG Electronics. One area which Siemens does not appear to dominate in in 

machine learning (G06N20/00), which is led by IBM. 
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3.6.3 PATENT PORTFOLIO STRENGTH 

¢ƘŜ ǎǘǊŜƴƎǘƘ ƻŦ ŀƴ ŀǎǎƛƎƴŜŜΩǎ ǇŀǘŜƴǘ ǇƻǊǘŦƻƭƛƻ Ŏŀƴ ōŜ ōŜƴŎƘƳŀǊƪŜŘ ōȅ ŎƻƳǇŀǊƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ 

forward citations (vertical axis) relative to the average age of the portfolio (horizontal axis). Forward 

citations are where a patent is referred to by a later filed patent.  

Portfolios positioned further to the right side of this graph correspond to pioneers in the area studied. 

A position at the top right is indicative of a pioneer with a strong impact on the field studied (potential 

blocking player). The portfolios further to the left side of this chart are the portfolios of the 

newcomers. A position at the top left corresponds to a later entrant into the space who quickly 

became important in the field (strong impact). The size of the bubbles corresponds to the number of 

families that have at least one family member issued. The larger the bubble, the greater the 

crowd/competition potential within the sector.  

Of the top 20 parent organisations, the patent portfolio held by General Electric established an early 

footing in the field of AI. However, the analysis indicates that Alphabet, Siemens, IBM, Samsung and 

Intel are the most influential players in area. 
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3.6.4 PATENT PORTFOLIO VALUE 

The integration of complex patent data with economic indicators can also highlight the value of the 

patents of the key players in AI. Scores are based upon the geographical distribution of granted and 

pending patent families using the GDP of the territories targeted by each patent portfolio. The number 

of non-self forward citations (technological impact) of each patent portfolio is also combined along 

with the remaining life of each patent portfolio to provide a headline metric of the portfolio value of 

each assignee. 

A global analysis of the top 10 parent organisations suggests the AI patent portfolios held by Siemens, 

IBM, and Samsung are the most valuable across the scientific and engineering fields. All top 10 

companies are likely to be targeting similar high GDP markets, and since AI is a relatively young field, 

most of the patent portfolios will have a significant amount of term remaining. Therefore, the patent 

portfolios held by Siemens, IBM, and Samsung are likely to be more valuable due to a high number of 

non-self patent citations and a greater impact in the AI field. 
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4 MEDICINE & PHARMACEUTICAL AI PATENT LANDSCAPE 

The key search terms and classification codes outlined in Section 1.1 were used to understand how 

AI is transforming research in the pharmaceutical industry.  

4.1 FILING RATE 

Patent filing trend analysis indicates significant growth in the application of AI technologies for 

medicinal preparations and pharmaceuticals. The last five years account for approximately 62% of the 

total patent landscape. Please note, 2021-2023 data given in the graph will not be complete, due to 

the 18-month delay between priority application and publication. 

 

Source: Clarivate via Derwent Innovation 
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4.1.1 GLOBAL GRANT SUCCESS 

In addition to the filing trends, we can look at the proportion of granted patents compared to patent 

applications to assess the maturity and competition in the sector. The following graph compares the 

legal status of patent families picked up by the search strategy.  

AI technologies for use in the pharmaceutical industries is a relatively new development, as evidenced 

by the low number of expired patents and a high proportion of pending patent applications. The high 

number of granted patent families and low proportion of lapsed patent families also suggests a 

significant commercial interest in AI within the pharmaceutical sector.  
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4.2 CLASSIFICATIONS 

4.2.1 IPC CLASSIFICATIONS 

The top AI IPCs relate to image analysis (G06T7/00), machine learning (G06N20/00), and neural 

network learning methods (G06N3/08), as well as methods or arrangements for recognising patterns 

(G06K9/00). Analysis of classification codes reveals that AI technology is most frequently applied to: 

measuring for diagnostic purposes (A61B5/00), measuring processes involving nucleic acids 

(C12Q1/68), and computer-aided diagnosis (G16H50/20). The significant interest in AI for diagnostic 

technology in the pharmaceutical industry is expected, as the advent of pharmacogenomics has 

improved our understanding of disease risk and pathology, which has facilitated the development of 

precision medicine and improved treatments. 

 

 

Source: Clarivate via Derwent Innovation 

Rank  IPC Number of 
Families  

Definition  

1 A61B5/00 692 A61B5/00 Measuring for diagnostic purposes; Identification of persons 

2 G06T7/00 579 G06T7/00 Image analysis 

3 C12Q1/68 424 C12Q1/00 Measuring or testing processes involving enzymes, nucleic 
acids or microorganisms; Compositions therefor; Processes of 
preparing such compositions 

C12Q1/68 involving nucleic acids 

4 G16H50/20 417 G16H50/00 ICT specially adapted for medical diagnosis, medical 
simulation or medical data mining; ICT specially adapted for 
detecting, monitoring or modelling epidemics or pandemics 

G16H50/20 for computer-aided diagnosis, e.g. based on medical expert 
systems 
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Rank  IPC Number of 
Families  

Definition  

5 G06N20/00 383 G06N20/00 Machine learning 

6 G06N3/08 379 G06N3/00 Computing arrangements based on biological models 
G06N3/02 Neural networks 
G06N3/08 Learning methods 

7 G06K9/62 359 G06K9/00 Methods or arrangements for recognising patterns 
G06K9/62 Methods or arrangements for pattern recognition using 

electronic means 
8 G06K9/00 343 G06K9/00 Methods or arrangements for recognising patterns 

9 G01N33/50 312 G01N33/00 Investigating or analysing materials by specific methods not 
covered by groups G01N1/00 - G01N31/00 

G01N33/48 Biological material, e.g. blood, urine 
G01N33/50 Chemical analysis of biological material, e.g. blood, urine; 

Testing involving biospecific ligand binding methods; 
Immunological testing 

10 C12Q1/6886 256 C12Q1/00 Measuring or testing processes involving enzymes, nucleic 
acids or microorganisms; Compositions therefor; Processes of 
preparing such compositions 

C12Q1/68 involving nucleic acids 
C12Q1/6876 Nucleic acid products used in the analysis of nucleic acids, e.g. 

primers or probes 
C12Q1/6883 for diseases caused by alterations of genetic material 
C12Q1/6886 for cancer 

A closer look at the evolving filing trends reveals most patents were filed from 2018. Machine learning 

(G06N20/00) and neural network learning methods (G06N3/08) have emerged as the two dominant 

AI systems, with a significant increase in patent filings in image analysis (G06T7/00) as well. 
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4.2.2 CPC CLASSIFICATIONS 

An analysis of the top CPC classifications points to computer-aided diagnosis based on medical expert 

systems (G16H50/20) as the most frequently used CPC classification. The classifications of machine 

learning (G06N20/00) and learning methods for neural networks (G06N3/08) are also highly ranked. 

Interestingly, the patent landscape analysis suggests that artificial neural networks (G06T2207/20084) 

are most frequently used for image analysis, while supervised data analysis is employed for 

bioinformatics-related machine learning or data mining (G16B40/20) patents. Patents that fall under 

the classification of health risk assessment (G16H50/30) are also prominent. Technologies for neural 

networks employed in the medical treatment and pharmaceutical industries often comprise of 

combinations of networks (G06N3/045). 

 

Source: Clarivate via Derwent Innovation 
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Rank  CPC Number 
of 
Families  

Definition  

1 G16H50/20 962 G16H50/00 ICT specially adapted for medical 
diagnosis, medical simulation or medical 
data mining; ICT specially adapted for 
detecting, monitoring or modelling 
epidemics or pandemics 

G16H50/20 for computer-aided diagnosis, e.g. based 
on medical expert systems 

2 G06N20/00 652 G06N20/00 Machine learning 

3 G06N3/08 577 G06N3/00 Computing arrangements based on 
biological models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

4 G06T7/0012 549 G06T7/00 Image analysis 
G06T7/0002 Inspection of images, e.g. flaw detection 
G06T7/0012 Biomedical image inspection 

5 G16B40/20 534 G16B40/00 ICT specially adapted for biostatistics; ICT 
specially adapted for bioinformatics-
related machine learning or data mining, 
e.g. knowledge discovery or pattern 
finding 

G16B40/20 Supervised data analysis 

6 G06T2207/20084 479 G06T2207/00  Indexing scheme for image analysis or 
image enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20084 Artificial neural networks [ANN] 

7 G06T2207/20081 475 G06T2207/00 Indexing scheme for image analysis or 
image enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20081 Training; Learning 

8 G16B40/00 467 G16B40/00 ICT specially adapted for biostatistics; ICT 
specially adapted for bioinformatics-
related machine learning or data mining, 
e.g. knowledge discovery or pattern 
finding 

9 G06N3/045 461 G06N3/00 Computing arrangements based on 
biological models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection 

topology 
G06N3/045 Combinations of networks 

10 G16H50/30 426 G16H50/00 ICT specially adapted for medical 
diagnosis, medical simulation or medical 
data mining; ICT specially adapted for 
detecting, monitoring or modelling 
epidemics or pandemics 

G16H50/30 for calculating health indices; for 
individual health risk assessment 
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The CPC classification trend analysis confirms the previously identified IPC trends, which show the 

recent emergence of key areas. While computer-aided diagnosis based on medical expert systems 

(G16H50/20) represents the leading area of innovation since 2016, the graphic below indicates that 

since 2020 there is a growing interest in learning methods for neural networks (G06N3/08) over 

machine learning (G06N20/00). Neural networks having combinations of networks (G06N3/045) also 

appear to be emerging as the leading type of neural network. 
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4.2.3 SUB-TECHNICAL DOMAINS 

Sub-technical domains are based on IPC codes, which have been grouped into 177 sub-technology 

fields. An analysis provides further information on the applications of AI within the medical treatment 

and pharmaceutical industries. Most of the innovation relates to the computer systems themselves, 

diagnosis, surgical and therapeutic equipment, as well as pharmaceuticals, enzymes and micro-

organisms. 
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4.3 LANDSCAPE CONCEPTS 

The following figure illustrates the distribution of the main concepts across the AI patent landscape in 

the pharmaceutical industry, highlighting the importance of machine learning models, and patient and 

genotype data. Image analysis, blood glucose data, as well as tumour biomarkers for screening, 

diagnosis and prognosis are all prominent concepts within the pharmaceutical AI patent landscape. 
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4.4 TOP ASSIGNEES 

The top 20 assignees for the number of patents filed to AI-based technologies relevant to 

pharmaceutical research are presented in the following figure: 

 

Source: Clarivate via Derwent Innovation 

R
a

n
k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 ILLUMINA INC. 115 Commercial US 

2 UNIVERSITY OF CALIFORNIA 106 Academic US 

3 ROCHE HOLDING LTD. 94 Commercial Switzerland 

4 INTERNATIONAL BUSINESS MACHINES CORP 86 Commercial US 

5 TATA SONS LTD 81 Commercial India 

6 KONINKLIJKE PHILIPS N.V. 70 Commercial Netherlands 

7 GENESIS HEALTHCARE CO 63 Commercial GB 

8 SIEMENS AKTIENGESELLSCHAFT 57 Commercial Germany 

9 FUJIFILM BUSINESS INNOVATION CO 55 Commercial Japan 

10 ALPHABET INC. 51 Commercial US 

11 STANFORD UNIVERSITY 49 Academic US 

12 SAMSUNG ELECTRONICS CO LTD 49 Commercial Korea 

13 TENCENT HOLDING LTD 43 Commercial China 
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Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

14 UNIV CHANDIGARH 43 Academic India 

15 MEDTRONIC INC 38 Commercial US 

16 MASSACHUSETTS INSTITUTE OF TECHNOLOGY 36 Academic US 

17 HARVARD UNIVERSITY 36 Academic US 

18 KOREA ADVANCED INSTITUTE FOR SCIENCE AND 
TECHNOLOGY 

35 Academic Korea 

19 CASE WESTERN RESERVE UNIVERSITY 34 Academic US 

20 CHINESE ACADEMY OF SCIENCE 33 Academic China 

GREAT BRITAIN 

The top patent filing UK organisations include: 

 

Source: Clarivate via Derwent Innovation 
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k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 UNIVERSITY OF LONDON 35 Academic GB 

2 UNIVERSITY OF OXFORD 22 Academic GB 

3 ALPHABET INC. (DEEPMIND TECH LTD) 22 Commercial GB 

4 CAMBRIDGE UNIVERSITY 21 Academic GB 

5 BENEVOLENTAI TECHNOLOGY LTD 20 Commercial GB 
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Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

6 CANCER RESEARCH TECHNOLOGY LTD 17 Commercial GB 

7 IMPERIAL COLLEGE 15 Academic GB 

8 OXFORD NANOPORE TECHNOLOGIES LTD 12 Commercial GB 

9 GENOMICS PLC 11 Commercial GB 

10 GENOME RES LTD 8 Commercial GB 

11 RANDOX LABORATORIES LTD 7 Commercial GB 

12 GSK  5 Commercial GB 

13 UNIV DUBLIN TECHNOLOGICAL 5 Academic GB 

14 CONGENICA LTD 5 Commercial GB 

15 PETAGENE LTD 4 Commercial GB 

16 OXFORD BIODYNAMICS LTD 4 Commercial GB 

17 UK MINISTRY OF DEFENCE 3 Commercial GB 

18 NATIONAL UNIVERSITY OF IRELAND 3 Academic GB 

19 EXSCIENTIA LTD 3 Commercial GB 

20 DYSIS MEDICAL LTD 2 Commercial GB 
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4.4.1 FILING TRENDS 

Of the top assignees, Illumina filed the most patents in 2018, after which the growth in their patent 

portfolio appears to have slowed down. This trend is also seen in Siemens, Philips, Alphabet, and 

Fujifilm. In contrast, the patent portfolios held by Roche, University of California, and IBM have all 

experienced continued growth. Interestingly, the patent filing rates of Genesis Healthcare and Tata 

Sons spiked significantly in 2019 and 2020. The analysis of patent filing trends shows that between 

2016 and 2019 there was more interest in image and nucleic acid analysis, which has been replaced 

by more interest in developing AI-based platforms that leverage pharmacogenomic data and clinical 

trial datasets to enrich the portfolio of candidate drug response biomarkers. Please note, 2021-2023 

data given in the graph will not be complete, due to the 18-month delay between priority application 

and publication. 

 

Source: Clarivate via Derwent Innovation  
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4.4.2 TECHNOLOGY FOCUS 

Roche and Siemens dominate the image analysis sector, with both companies also being active in the 

development of pattern recognition systems (G06K9/00). Philips also holds patent portfolios that 

follows a similar patent filing pattern to a lesser extent. While Illumina also appears to have significant 

activity in pattern recognition systems (G06K9/00), IPC classification assessment suggests this is in 

relation to cancer genetic analysis (C12Q1/6886), as the company appears to have filed the most 

patents in this area. Alphabet and IBM also have significant interest in patents to pattern recognition 

systems, however the portfolios of these two technology companies are much more diversified. 

The patent portfolio held by the University of California exhibits a focus in nucleic acid analysis 

(C12Q1/68). In contrast, Genesis Healthcare appear to dominate the area of the patent landscape 

relating to analysis of biological material (G01N33/50), with patent filings exclusively in this area.  

Pattern recognition systems for imaging and genome data are important applications of AI with in 

the pharmaceutical field. 
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4.4.3 PATENT PORTFOLIO STRENGTH 

Siemens established an early footing in the field of medical treatment, with Harvard University and 

MIT being pioneers in the area. Most notably, Alphabet is the most influential newcomer. 
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4.4.4 PATENT PORTFOLIO VALUE 

The basis of patent portfolio value scores was introduced in Section 4.6.4 of this report. An analysis of 

the top 20 parent organisations suggests the most valuable AI patent portfolios are held by Roche, 

University of California and IBM.  
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4.5 LANDSCAPE MAP 

We used the Derwent Themescape tool on the patent landscape dataset, mapping one representative 

patent from each of the INPADOC families. The resulting map is shown below, with some broad subject 

areas highlighted. This allows us to identify some key areas of interest in the field, represented by the 

ƘƛƎƘŜǎǘ άǇŜŀƪǎέ ƻƴ ǘƘŜ ƳŀǇΦ  

Although landscaping is not a precise tool, it is useful to identify clusters of activity on the map which 

facilitates the analysis of both trends and also to identify similar patents or potential competitors. This 

can be a way to visualise and start to identify both potential freedom to operate issues around a patent 

estate and/or to identify potential collaborators and licensees who have similar patented technologies 

and interests. 

In this instance, the landscape map was used to identify areas of high patent coverage and areas of 

low patent coverage, as well as gain insight into the position of the patent portfolios of the top 10 

assignees, as illustrated in Figure 1 below. The patent landscape map shows a concentration of 

patenting activity in the areas of research that relate to genome analysis and medical imaging, with 

significant activity in using AI to understand disease pathology and protein structure.  

Figure 1 legend: 

Company Colour 

Illumina Inc.  

University Of California  

Roche Holding Ltd.  

International Business Machines 
Corp 

 

Tata Sons Ltd  

Koninklijke Philips N.V.  

Genesis Healthcare Co  

Siemens Aktiengesellschaft  

Fujifilm Business Innovation Co  

Alphabet Inc.  
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Figure 1. AI technologies in the pharmaceutical space (Source: Clarivate via Derwent Innovation). Each dot indicates the location of an INPADOC patent family on the map. 

The map has been overlaid with the key areas under which the patents fall on the map.
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5 MEDICAL TECHNOLOGY AI PATENT LANDSCAPE 

The key search terms and classification codes outlined in Section 1.1 were used understand how AI is 

transforming medical technology.  

5.1 FILING RATE 

Within the field of AI and medical technology, the last five years account for approximately 67% of the 

total patent landscape. Please note, 2021-2023 data given in the graph will not be complete, due to 

the 18-month delay between priority application and publication. 

 

Source: Clarivate via Derwent Innovation  
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5.1.1 GLOBAL GRANT SUCCESS 

The following graph illustrates the legal status of the patent families picked up by the search strategy. 

The high number of granted patent families and low proportion of lapsed patent families the 

commercial interest in using AI within the medical technology space. Over half of the patent families 

are pending which also suggests that this remains fast-growing area with significant space for 

innovation. 
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5.2 CLASSIFICATIONS 

5.2.1 IPC CLASSIFICATIONS 

The top AI IPCs for medical technologies relate to measuring for diagnostic purposes (A61B5/00), 

computer-aided diagnosis based on medical expert systems (G16H50/20), and image analysis 

(G06T7/00). Machine learning (G06N20/00) and neural network learning methods (G06N3/08) are 

common AI models applied in this domain, with interest also in systems for recognising patterns 

(G06K9/62). The top AI IPCs also include patents related to health risk assessment (G16H50/30) and 

mining of medical data (G16H50/70). 

  

Source: Clarivate via Derwent Innovation  
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Rank  IPC Number 
of 
Families  

Definition  

1 A61B5/00 5965 A61B5/00 Measuring for diagnostic purposes; Identification 
of persons 

2 G16H50/20 4274 G16H50/00 ICT specially adapted for medical diagnosis, 
medical simulation or medical data mining; ICT 
specially adapted for detecting, monitoring or 
modelling epidemics or pandemics 

G16H50/20 for computer-aided diagnosis, e.g. based on 
medical expert systems 

3 G06T7/00 2993 G06T7/00 Image analysis 
4 G06N20/00 2380 G06N20/00 Machine learning 

5 G06N3/08 2235 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

6 G16H30/40 1886 G16H30/00 ICT specially adapted for the handling or 
processing of medical images 

G16H30/40 for processing medical images, e.g. editing 

7 G16H10/60 1663 G16H10/00 ICT specially adapted for the handling or 
processing of patient-related medical or 
healthcare data 

G16H10/60 for patient-specific data, e.g. for electronic patient 
records 

8 G16H50/30 1610 G16H50/00 ICT specially adapted for medical diagnosis, 
medical simulation or medical data mining; ICT 
specially adapted for detecting, monitoring or 
modelling epidemics or pandemics 

G16H50/30 for calculating health indices; for individual health 
risk assessment 

9 G16H50/70 1581 G16H50/00 ICT specially adapted for medical diagnosis, 
medical simulation or medical data mining; ICT 
specially adapted for detecting, monitoring or 
modelling epidemics or pandemics 

G16H50/70 for mining of medical data, e.g. analysing previous 
cases of other patients 

10 G06K9/62 1350 G06K9/00 Methods or arrangements for recognising patterns 
G06K9/62 Methods or arrangements for pattern recognition 

using electronic means 
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Most AI-medical technology patent filings were made from 2019 onwards, with most patent 

classification areas experiencing growth. Until recently, AI applications for measuring processes for 

diagnostic purposes (A61B5/00) dominated the patent landscape, however it appears that AI 

technology has improved sufficiently to enable the emergence of computer-aided diagnosis 

(G16H50/20). Patenting in areas relating to health risk assessment (G16H50/30) and mining of medical 

data (G16H50/70) have also emerged recently in 2020. While AI has been heavily used in image 

analysis (G06T7/00) since 2018, AI has started to be increasingly used for the processing of medical 

images (G16H30/40). Interestingly, there did not appear to be a significant increase in patent filings 

relating to systems for pattern recognition (G06K9/62), which suggests that AI has evolved to perform 

much more complex tasks. 
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5.2.2 CPC CLASSIFICATIONS 

The analysis of top CPC classifications showed similar key trends identified by the top IPC 

classifications. Additional key patenting areas of interest include: algorithmic training methods for 

image analysis (G06T2207/20081), biomedical image inspection (G06T7/0012) which encompass 

computer-aided detection of disease abnormalities, artificial neural networks for image analysis 

(G06T7/0012), and combinations of neural networks (G06N3/045). 

 

Source: Clarivate via Derwent Innovation  
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Rank  CPC Number 
of 
Families  

Definition  

1 G16H50/20 6867 G16H50/00 ICT specially adapted for medical 
diagnosis, medical simulation or medical 
data mining; ICT specially adapted for 
detecting, monitoring or modelling 
epidemics or pandemics 

G16H50/20 for computer-aided diagnosis, e.g. based 
on medical expert systems 

2 G06N20/00 3533 G06N20/00 Machine learning 

3 G06N3/08 3423 G06N3/00 Computing arrangements based on 
biological models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

4 G16H30/40 3252 G16H30/00 ICT specially adapted for the handling or 
processing of medical images 

G16H30/40 for processing medical images, e.g. editing 

5 G16H50/70 3218 G16H50/00 ICT specially adapted for medical 
diagnosis, medical simulation or medical 
data mining; ICT specially adapted for 
detecting, monitoring or modelling 
epidemics or pandemics 

G16H50/70 for mining of medical data, e.g. analysing 
previous cases of other patients 

6 G06T2207/20081 2981 G06T2207/00 Indexing scheme for image analysis or 
image enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20081 Training; Learning 

7 G06T7/0012 2964 G06T7/00 Image analysis 
G06T7/0002 Inspection of images, e.g. flaw detection 
G06T7/0012 Biomedical image inspection 

8 G06T2207/20084 2881 G06T2207/00  Indexing scheme for image analysis or 
image enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20084 Artificial neural networks [ANN] 

9 G16H50/30 2725 G16H50/00 ICT specially adapted for medical 
diagnosis, medical simulation or medical 
data mining; ICT specially adapted for 
detecting, monitoring or modelling 
epidemics or pandemics 

G16H50/30 for calculating health indices; for 
individual health risk assessment 

10 G06N3/045 2599 G06N3/00 Computing arrangements based on 
biological models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection 

topology 
G06N3/045 Combinations of networks 
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The CPC classification trend analysis confirms the previously identified IPC trends, which show the 

recent emergence of some specific key areas. While growth was experienced in all the top CPC 

classifications, inventions to computer-aided diagnosis based on medical expert systems (G16H50/20) 

continues to be leading patenting area. Neural networks comprised of combinations of networks 

(G06N3/045) are emerging now as an important type of neural network. Similarly, patents classed 

under artificial neural networks (G06T2207/20084) are emerging as the main tool for image analysis, 

with a lot of innovation focused on algorithmic training methods (G06T2207/20081). 
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5.2.3 SUB-TECHNICAL DOMAINS 

Further analysis into the 177 sub-technology fields showed that most innovation appears to relate to 

diagnosis, surgery, dentistry, therapy devices, and pharmaceuticals, and overlap between different 

fields. Patents to measurement devices and digital communication systems also feature highly. 
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5.3 LANDSCAPE CONCEPTS 

The following figure illustrates the grouping and distribution of the main concepts across the AI patent 

landscape in the medical technology industry. Key patent concepts focus on deep learning systems, 

with particular interest in convolutional neural networks. There also appears to be significant interest 

in unsupervised learning, as well as medical imaging and physiological, medical and patient data: 
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5.4 TOP ASSIGNEES 

The top 20 assignees in terms of number of patents filed AI related technologies in the medical 

technology area are mainly commercial organisations, and considering the significant growth in the 

patent landscape, it is no surprise see major international corporations dominate this patent 

landscape. 

 

Source: Clarivate via Derwent Innovation  
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R
a

n
k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 KONINKLIJKE PHILIPS N.V. 892 Commercial Netherlands 

2 SIEMENS AKTIENGESELLSCHAFT 851 Commercial Germany 

3 INTERNATIONAL BUSINESS MACHINES CORP 550 Commercial US 

4 GENERAL ELECTRIC COMPANY 377 Commercial US 

5 CANON INC 340 Commercial Japan 

6 FUJIFILM BUSINESS INNOVATION CO 327 Commercial Japan 

7 PING AN INSURANCE  285 Commercial China 

8 SAMSUNG ELECTRONICS CO LTD 262 Commercial Korea 

9 UNIV CHANDIGARH 231 Academic India 

10 ALPHABET INC. 224 Commercial US 

11 YONSEI UNIVERSITY 204 Academic Korea 

12 MEDTRONIC INC 202 Commercial US 

13 KOREA UNIVERSITY 177 Academic Korea 

14 JOHNSON & JOHNSON 174 Commercial US 

15 TENCENT HOLDING LTD 173 Commercial China 

16 TATA SONS LTD 163 Commercial India 

17 UNIVERSITY OF CALIFORNIA 158 Academic US 

18 UNIV JAIN 154 Academic India 

19 SEOUL NATIONAL UNIVERSITY 149 Academic Korea 

20 MERATIVE US LP 137 Commercial US 
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GREAT BRITAIN 

The top patent filing UK organisations include: 

 

Source: Clarivate via Derwent Innovation 

R
a

n

k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 UNIVERSITY OF OXFORD 32 Academic GB 

2 UNIVERSITY OF LONDON 23 Academic GB 

3 BABYLON PARTNERS LTD 14 Commercial GB 

4 IMPERIAL COLLEGE 10 Academic GB 

5 OPTELLUM LTD 9 Commercial GB 

6 IESO DIGITAL HEALTH LTD 9 Commercial GB 

7 DYSON LIMITED 8 Commercial GB 

8 ALPHABET INC. (DEEPMIND TECH LTD) 7 Commercial GB 

9 MIRADA MEDICAL LTD 7 Commercial GB 

10 BENEVOLENTAI TECHNOLOGY LTD 7 Academic GB 

11 BIOS HEALTH LTD 6 Commercial GB 

12 KHEIRON MEDICAL TECHNOLOGIES LTD 6 Commercial GB 
13 CAMBRIDGE UNIVERSITY 6 Academic GB 

14 UNIV DUBLIN TECHNOLOGICAL 4 Academic GB 

15 CMR SURGICAL LTD 4 Commercial GB 

16 CAMBRIDGE HEARTWEAR LTD 3 Commercial GB 
17 ADAPTIX LTD 3 Commercial GB 

18 RANDOX LABORATORIES LTD 2 Commercial GB 

19 ZEDSEN LTD 2 Commercial GB 

20 DYSIS MEDICAL LTD 2 Commercial GB 



83 | P a g e 

 

5.4.1 FILING TRENDS 

Companies such as Philips and Siemens have increased the number of patents filed in this field 

significantly. Siemens led the field between 2015 and 2017 before Philips emerged as the leading 

assignee in 2018. In 2018, the number of patents held by Fujifilm that year overtook its competitors, 

such as Canon, but has since been followed by a period of slower growth. Again, 2021-2023 data will 

not be complete, due to the 18-month delay between priority application and publication. 

 

Source: Clarivate via Derwent Innovation  
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5.4.2 TECHNOLOGY FOCUS 

The patents filed by the top assignees across the top IPC classifications can provide further insights 

into key areas of development. Siemens dominates most key areas, and has a greater focus on the 

image analysis sector (G06T7/00), but has significant competition in this technology area from Philips, 

Fujifilm and Canon. While most healthcare technology companies are heavily invested in image 

analysis and machine learning, Samsung is more focused on measuring systems for diagnostic 

processes (A61B5/00), which also appears to be the focus of the University of Chandigarh. In contrast 

IBM dominates the area of the patent landscape focusing on using patient-specific data (G16H10/60). 
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5.4.3 PATENT PORTFOLIO STRENGTH 

Canon established an early footing in the field of patenting AI related medical technology, with IBM, 

Fujifilm, Samsung, and University of Chandigarh also being well established in the area. Siemens is the 

most influential player, while Alphabet is quickly becoming an important player. 
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5.4.4 PATENT PORTFOLIO VALUE 

The AI patent portfolios held by Siemens, Philips, and IBM are considered to be most valuable within 

the field of medical technology.  
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5.5 LANDSCAPE MAP 

²Ŝ ŀǇǇƭƛŜŘ 5ŜǊǿŜƴǘ LƴƴƻǾŀǘƛƻƴΩǎ ǇǊƻǇǊƛŜǘŀǊȅ ¢ƘŜƳŜ{ŎŀǇŜTM mapping tool to generate a landscape 

map visualise areas of high patent coverage and areas of low patent coverage, as well as gain an insight 

into the position of the patent portfolios of the top 10 assignees identified. More concentrated areas 

of patenting were observed in relation to medical imaging, surgery, with significant activity also in 

using AI to understand hard to treat cancers and health monitoring.  

Figure 2 legend: 

Company Colour 

Koninklijke Philips N.V.  

Siemens Aktiengesellschaft  

International Business Machines 
Corp 

 

General Electric Company  

Canon Inc  

Fujifilm Business Innovation Co  

Ping An Insurance   

Samsung Electronics Co Ltd  

Univ Chandigarh  

Alphabet Inc.  
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Figure 2. AI medical technology (Source: Clarivate via Derwent Innovation). Each dot indicates the location of an INPADOC patent family on the map. The map has been 

overlaid with the key areas in which the patents fall on the map. 
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6 BIOTECHNOLOGY & CHEMICAL AI PATENT LANDSCAPE 

The key search terms and classification codes outlined in Section 1.1 were used to understand how AI 

is facilitating research in biotechnology and chemical sectors.  

6.1 FILING RATE 

The last five years account for approximately 66% of the total patent landscape, which illustrates the 

significant growth in AI related technologies within biotechnology and chemical research and 

industries. Please note, 2021-2023 data given in the graph will not be complete, due to the 18-month 

delay between priority application and publication. 

 

Source: Clarivate via Derwent Innovation  
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6.1.1 GLOBAL GRANT SUCCESS 

Similarly, as for other scientific fields, the chart shows a low proportion of lapsed patent families 

indicating that AI for research in biotechnology and chemistry is valuable and industrially important, 

and that this is a growth area for patents with significant space for innovation given the greater 

proportion of pending patent applications. 
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6.2 CLASSIFICATIONS 

6.2.1 IPC CLASSIFICATIONS 

The top AI IPCs relate to machine learning (G06N20/00), neural network learning methods (G06N3/08) 

and image analysis (G06T7/00). Measuring processes involving nucleic acids (C12Q1/68 and 

C12Q1/6886) also captures many of the patents in biotechnology and chemistry, which may help to 

explain the substantial number of recent patent filings being classified under methods for recognising 

patterns (G06K9/00), as new systems are being developed to process the increasing amount of data 

being developed from improvements in sequencing technology. 

  

Source: Clarivate via Derwent Innovation  
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Rank  IPC Number 
of 
Families  

Definition  

1 G06N20/00 943 G06N20/00 Machine learning 

2 G06N3/08 739 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

3 G06T7/00 575 G06T7/00 Image analysis 

4 C12Q1/68 476 C12Q1/00 Measuring or testing processes involving enzymes, 
nucleic acids or microorganisms; Compositions 
therefor; Processes of preparing such 
compositions 

C12Q1/68 involving nucleic acids 

5 G06N3/04 392 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 

6 G06K9/00 314 G06K9/00 Methods or arrangements for recognising patterns 

7 G01N33/50 303 G16H50/00 ICT specially adapted for medical diagnosis, 
medical simulation or medical data mining; ICT 
specially adapted for detecting, monitoring or 
modelling epidemics or pandemics 

G16H50/30 for calculating health indices; for individual health 
risk assessment 

8 G06K9/62 303 G06K9/00 Methods or arrangements for recognising patterns 
G06K9/62 Methods or arrangements for pattern recognition 

using electronic means 

9 C12Q1/6886 290 C12Q1/00 Measuring or testing processes involving enzymes, 
nucleic acids or microorganisms; Compositions 
therefor; Processes of preparing such 
compositions 

C12Q1/68 involving nucleic acids 
C12Q1/6876 Nucleic acid products used in the analysis of nucleic 

acids, e.g. primers or probes 
C12Q1/6883 for diseases caused by alterations of genetic 

material 
C12Q1/6886 for cancer 

10 A61B5/00 261 A61B5/00 Measuring for diagnostic purposes; Identification 
of persons 
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Most of the patents were filed after 2018, with machine learning (G06N20/00) and neural network 

learning methods (G06N3/08) emerging as the leading AI systems. Most of the top IPC classifications 

have experienced increases in patent filings. 
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6.2.2 CPC CLASSIFICATIONS 

The analysis of top CPC classifications reiterates the dominance of machine learning (G06N20/00) and 

neural network learning methods (G06N3/08) in biotechnology and chemistry research areas. It also 

shows a more granular level of detail, as combinations of neural networks (G06N3/045) appear to be 

the most common type of neural networks utilised. While IPC classification analysis identified 

significant interest in methods for recognising patterns (G06K9/00), CPC classification analysis shows 

that this is likely to be bioinformatics-related and involves supervised data analysis (G16B40/20), with 

interest also in ICT systems specially adapted for functional genomics or proteomics (G16B20/00). In 

terms of the previously identified interest in image analysis (G06T7/00), CPC classification analysis 

reveal a substantial number of these patents relate to artificial neural networks for image analysis 

(G06T2207/20084) and algorithmic training methods for image analysis (G06T2207/20081). 

 

Source: Clarivate via Derwent Innovation  
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Rank  CPC Number 
of 
Families  

Definition  

1 G06N20/00 1279 G06N20/00 Machine learning 

2 G06N3/08 1131 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

3 G06N3/045 642 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 
G06N3/045 Combinations of networks 

4 G16B40/20 599 G16B40/00 ICT specially adapted for biostatistics; ICT 
specially adapted for bioinformatics-related 
machine learning or data mining, e.g. 
knowledge discovery or pattern finding 

G16B40/20 Supervised data analysis 

5 G16H50/20 558 G16H50/00 ICT specially adapted for medical diagnosis, 
medical simulation or medical data mining; ICT 
specially adapted for detecting, monitoring or 
modelling epidemics or pandemics 

G16H50/20 for computer-aided diagnosis, e.g. based on 
medical expert systems 

6 G16B40/00 500 G16B40/00 ICT specially adapted for biostatistics; ICT 
specially adapted for bioinformatics-related 
machine learning or data mining, e.g. 
knowledge discovery or pattern finding 

7 G16B20/00 433 G16B20/00 ICT specially adapted for functional genomics 
or proteomics, e.g. genotype-phenotype 
associations 

8 G06T2207/20081 404 G06T2207/00 Indexing scheme for image analysis or image 
enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20081 Training; Learning 

9 G06T2207/20084 387 G06T2207/00  Indexing scheme for image analysis or image 
enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20084 Artificial neural networks [ANN] 

10 C12Q1/6886 342 C12Q1/00 Measuring or testing processes involving 
enzymes, nucleic acids or microorganisms; 
Compositions therefor; Processes of preparing 
such compositions 

C12Q1/68 involving nucleic acids 
C12Q1/6876 Nucleic acid products used in the analysis of 

nucleic acids, e.g. primers or probes 
C12Q1/6883 for diseases caused by alterations of genetic 

material 
C12Q1/6886 for cancer 

  



96 | P a g e 

 

Over the period, the CPC classification trends show a similar patent filing profile to the IPC 

classification trends. Patents classed as having combinations of neural networks (G06N3/045) have 

also experienced a significant growth in the number of patent filings since 2018. 
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6.2.3 SUB-TECHNICAL DOMAINS 

Most of the innovation appears to relate to domains relating to measurement apparatus, as well as 

enzyme and micro-organism biotechnology. AI-enabled agriculture machinery, medical technology 

and pharmaceuticals also feature. 
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6.3 LANDSCAPE CONCEPTS 

The following figure illustrates the distribution of the main concepts across the AI patent landscape in 

R&D in the biotechnology and chemistry industries; the main innovation concepts feature machine 

learning and deep learning systems, as well as databases and learning data. The patent landscape also 

includes significant patent activity in image processing, which also appears to be driving the design of 

new proteins and drugs 12.  

  

 
12 https://www.technologyreview.com/2022/12/01/1064023/biotech-labs-are-using-ai-inspired-by-dall-e-to-

invent-new-drugs/  

https://www.technologyreview.com/2022/12/01/1064023/biotech-labs-are-using-ai-inspired-by-dall-e-to-invent-new-drugs/
https://www.technologyreview.com/2022/12/01/1064023/biotech-labs-are-using-ai-inspired-by-dall-e-to-invent-new-drugs/
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6.4 TOP ASSIGNEES 

The top 20 assignees in terms of number of patents filed to AI inventions within biotechnology and 

chemistry R&D are mostly by commercial organisations. 

 

Source: Clarivate via Derwent Innovation 

R
a

n
k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 INTERNATIONAL BUSINESS MACHINES CORP 204 Commercial US 

2 UNIV CHANDIGARH 200 Academic India 

3 HALLIBURTON CO HOLDING 161 Commercial US 

4 ILLUMINA INC. 154 Commercial US 

5 UNIV JAIN 154 Academic India 

6 SCHLUMBERGER LTD. 121 Commercial US 

7 LG ELECTRONICS INC. 116 Commercial Korea 

8 UNIVERSITY OF CALIFORNIA 111 Academic US 

9 ALPHABET INC. 105 Commercial US 

10 JFE HOLDINGS INC. 94 Commercial Japan 

11 BOSCH ROBERT GMBH 92 Commercial Germany 

12 SAUDI ARABIAN OIL COMPANY 90 Commercial Saudi Arabia 

13 TATA SONS LTD 86 Commercial India 

14 SAMSUNG ELECTRONICS CO LTD 85 Commercial Korea 

15 SIEMENS AKTIENGESELLSCHAFT 70 Commercial Germany 

16 DEERE & CO. 65 Commercial US 

17 HITACHI LTD 64 Commercial Japan 

18 GENESIS HEALTHCARE CO 63 Commercial US 

19 FUJIFILM BUSINESS INNOVATION CO 56 Commercial Japan 

20 UNIV GALGOTIAS 56 Academic India 
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GREAT BRITAIN 

The top patent filing UK organisations include: 

 

Source: Clarivate via Derwent Innovation 
R

a
n

k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 UNIVERSITY OF LONDON 10 Academic GB 

2 IMPERIAL COLLEGE 9 Academic GB 
3 UNIVERSITY OF OXFORD 5 Academic GB 

4 CAMBRIDGE UNIVERSITY 5 Academic GB 

5 BP P.L.C. 5 Commercial GB 

6 OXFORD NANOPORE TECHNOLOGIES LTD 5 Commercial GB 
7 RANDOX LABORATORIES LTD 4 Commercial GB 

8 CATAGEN LTD 4 Commercial GB 

9 CELL THERAPY CATAPULT LTD 4 Commercial GB 
10 ALPHABET INC. (DEEPMIND TECH LTD) 4 Commercial GB 

11 UNIV DUBLIN TECHNOLOGICAL 3 Academic GB 

12 GENOMICS PLC 3 Commercial GB 

13 PROTEINLOGIC LTD 2 Commercial GB 

14 EVONETIX LTD 2 Commercial GB 

15 BIOSTEALTH LTD 2 Commercial GB 
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R
a

n

k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

16 DXCOVER LTD 2 Commercial GB 
17 EXPERIMENT X LTD 2 Commercial GB 

18 OBSERVE TECHNOLOGIES LTD 1 Commercial GB 

19 ITI SCOTLAND LTD 1 Commercial GB 
20 UK MINISTRY OF DEFENCE 1 Commercial GB 

6.4.1 FILING TRENDS 

Leading assignees, such as IBM, have filed a significant number of patents over the last 10 years. IBM 

was the leading assignee within the patent landscape in 2017, before Illumina led the way in 2018, 

while Genesis Healthcare had the most significant increase in patent filings 2019. The rate of growth 

slowed down in 2020 with similar levels of patent activity by the top parent organisations. 

Interestingly, patent families filed (internationally) by Chinese academic organisations grew the most 

significantly in 2021 and 2022, however 2021-2023 data will not yet be complete, due to the 18-month 

delay between priority application and publication. 

 

Source: Clarivate via Derwent Innovation  
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6.4.2 TECHNOLOGY FOCUS 

There appears to be most competition in technology areas relating to machine learning (G06N20/00) 

and neural network learning methods (G06N3/08), with these areas being dominated by LG 

Electronics, IBM, Schlumberger, Alphabet, Illumina and Deere. Despite the high level of competition 

and patenting activity, a number of organisations have emerged as leading and dominant players in 

several key areas. For example, Genesis Healthcare leads AI-related innovation in the analysis of 

biological and chemical material (G01N33/50), while Illumina appears to be the most significant player 

in cancer genetic analysis (C12Q1/6886), and Deere is driving innovation in methods for recognising 

patterns (G06K9/00 and G06K9/62). 
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6.4.3 PATENT PORTFOLIO STRENGTH 

Several of the top assignees established an early footing in the field of AI for biotechnology and 

chemistry fields, with IBM considered a pioneer. There are also a significant number of newcomers to 

the area, and Alphabet and Illumina appear to be having a most significant impact in this domain. 
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6.4.4 PATENT PORTFOLIO VALUE 

The AI patent portfolios held by IBM appear to be the most valuable within the biotechnology and 

chemistry sectors. The patent portfolios held by LG Electronics, Alphabet and Illumina are also 

considered valuable for scientific research. As previously mentioned, the perceived value of a patent 

portfolio can be affected by a range of factors, such as portfolio size and legal status. The age and 

geographical distribution of patent filings will be similar for the top parent organisations, hence 

differentiation will be down to higher technological impact and portfolio size and status. For example, 

despite the patent portfolio held by Illumina having a higher technological impact than LG electronics, 

the LG electronics portfolio is considered more valuable due to having a much higher number of 

granted patent families. 
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6.5 LANDSCAPE MAP 

²Ŝ ŀǇǇƭƛŜŘ 5ŜǊǿŜƴǘ LƴƴƻǾŀǘƛƻƴΩǎ ǇǊƻǇǊƛŜǘŀǊȅ ¢ƘŜƳŜ{ŎŀǇŜTM mapping tool to generate a landscape 

map to visualise areas to identify areas of high patent coverage and areas of low patent coverage, as 

well as gain insight into the position of the patent portfolios of the top 10 assignees. Concentrated 

areas of patent activity relate to cancer, genomic data, gaseous emissions, with significant activity 

also around microcontrollers. 

Figure 3 legend: 

Company Colour 

International Business Machines 
Corp 

 

Univ Chandigarh  

Halliburton Co Holding  

Illumina Inc.  

Univ Jain  

Schlumberger Ltd.  

Lg Electronics Inc.  

University Of California  

Alphabet Inc.  

Jfe Holdings Inc.  
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Figure 3. AI in biotechnology and chemistry sectors (Source: Clarivate via Derwent Innovation). Each dot indicates the location of an INPADOC patent family on the map. 

The map has been overlaid with the key areas in which the patents fall on the map. 
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7 ENGINEERING & TRANSPORT AI PATENT LANDSCAPE 

The key search terms and classification codes outlined in Section 1.1 were used to understand how AI 

is facilitating research in the engineering sectors. 

7.1 FILING RATE 

The last five years account for approximately 65% of the total patent landscape, once again 

highlighting the significant growth of AI patents within the engineering sector. Please note, 2021-2023 

data given in the graph will not be complete, due to the 18-month delay between priority application 

and publication. 

 

Source: Clarivate via Derwent Innovation  
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7.1.1 GLOBAL GRANT SUCCESS 

As with the other scientific fields, the chart shows a low proportion of lapsed patent families and high 

number of granted patent families indicating that AI in engineering is both valuable and industrially 

important, and that this is a growth area for patenting with significant space for innovation given the 

high proportion of pending patent applications. Most notably, there is a much higher proportion of 

granted patents compared to the overall AI patent landscape, which indicates that this is a particularly 

important field. 
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7.2 CLASSIFICATIONS 

7.2.1 IPC CLASSIFICATIONS 

The top AI IPCs for the engineering sector relate to patents that feature machine learning 

(G06N20/00), neural network learning methods (G06N3/08), image analysis (G06T7/00), and methods 

for recognising patterns (G06K9/00). A wide variety of AI technology was picked up by the top IPCs, 

which is to be expected, due to the range of AI applications and the complex nature of the data in 

engineering.  

The top IPCs also indicate that AI is primarily used to control vehicles (G05D1/00) and manipulators 

(B25J9/00). 

 

Source: Clarivate via Derwent Innovation  
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Rank  IPC Number 
of 
Families  

Definition  

1 G06N20/00 3882 G06N20/00 Machine learning 

2 G06N3/08 3844 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

3 G06T7/00 2442 G06T7/00 Image analysis 

4 G06K9/00 2159 G06K9/00 Methods or arrangements for recognising patterns 

5 G06N3/04 1894 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 

6 G06K9/62 1628 G06K9/00 Methods or arrangements for recognising patterns 
G06K9/62 Methods or arrangements for pattern recognition 

using electronic means 

7 B25J9/16 1431 B25J9/00 Programme-controlled manipulators 
B25J9/16 Programme controls 

8 G05D1/02 1376 G05D1/00 Control of position, course or altitude of land, 
water, air, or space vehicles, e.g. automatic pilot 

G05D1/02 Control of position or course in two dimensions 
9 G05D1/00 1169 G05D1/00 Control of position, course or altitude of land, 

water, air, or space vehicles, e.g. automatic pilot 

10 G06N3/02 901 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
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Again most patents were filed after 2018, with machine learning (G06N20/00) and neural network 

learning methods (G06N3/08) significant areas of patenting activity. 
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7.2.2 CPC CLASSIFICATIONS 

As with IPCs, the top CPC classifications also show patents to be mostly grouped around machine 

learning (G06N20/00) and neural network learning methods (G06N3/08). Combination of neural 

networks (G06N3/045) and recurrent networks (G06N3/044) are the most frequently applied types of 

neural network in engineering, with backpropagation being the leading neural network learning 

method (G06N3/084). There also appears to significant patent activity relating to probabilistic 

graphical models (G06N7/01) within the engineering industry. With respect to image analysis (IPC 

code G06T7/00), the top CPCs further indicate artificial neural networks (G06T2207/20084) and 

algorithmic training methods (G06T2207/20081) as the most common AI systems under development 

for image analysis within the engineering industry. 

 

Source: Clarivate via Derwent Innovation  
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Rank  CPC Number 
of 
Families  

Definition  

1 G06N3/08 5575 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 

2 G06N20/00 5405 G06N20/00 Machine learning 

3 G06N3/045 3348 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 
G06N3/045 Combinations of networks 

4 G06T2207/20084 2141 G06T2207/00  Indexing scheme for image analysis or image 
enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20084 Artificial neural networks [ANN] 

5 G06T2207/20081 2139 G06T2207/00 Indexing scheme for image analysis or image 
enhancement 

G06T2207/20 Special algorithmic details 
G06T2207/20081 Training; Learning 

6 G06V10/82 1734 G06V10/00 Arrangements for image or video recognition or 
understanding 

G06V10/70 using pattern recognition or machine learning 
G06V10/82 using neural networks 

7 G06N3/084 1271 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/08 Learning methods 
G06N3/084 Backpropagation, e.g. using gradient descent 

8 G06N3/04 1191 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 

9 G06N7/01 1124 G06N7/00 Computing arrangements based on specific 
mathematical models 

G06N7/01 Probabilistic graphical models, e.g. probabilistic 
networks 

10 G06N3/044 1061 G06N3/00 Computing arrangements based on biological 
models 

G06N3/02 Neural networks 
G06N3/04 Architecture, e.g. interconnection topology 
G06N3/044 Recurrent networks, e.g. Hopfield networks 
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Over the period, the CPC classification trends show a similar patent filing profile to the IPC 

classification trends. Patents classed as having combination of neural networks (G06N3/045) and 

recurrent networks (G06N3/044), have also followed suit with the number of patent filings increasing. 
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7.2.3 SUB-TECHNICAL DOMAINS 

Diving into the technical domains, most innovation appears to relate to measurement and control 

systems, as well as AI technology for vehicles. There also appears to innovations in AI and robotic 

devices and electrical machinery, while there is some overlap with the medical technology patent 

landscape. 
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7.3 LANDSCAPE CONCEPTS 

The following figure illustrates the distribution of the main concepts across the AI patent landscape in 

engineering research, which provides additional depth to key research areas identified from 

classification analysis. The main concepts focus on computer vision and microcontroller systems, as 

well as training models and reinforcement learning.  
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7.4 TOP ASSIGNEES 

The top 20 assignees for the number of patents filed to AI technologies for engineering were in the 

main filed by commercial organisations. 

 

Source: Clarivate via Derwent Innovation 

R
a

n

k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

1 BOSCH ROBERT GMBH 792 Commercial Germany 
2 LG ELECTRONICS INC. 771 Commercial Korea 

3 SIEMENS AKTIENGESELLSCHAFT 702 Commercial Germany 

4 TOYOTA MOTOR CORP 655 Commercial Japan 
5 SAMSUNG ELECTRONICS CO LTD 514 Commercial Korea 

6 MITSUBISHI ELECTRIC CORP 495 Commercial Japan 

7 ALPHABET INC. 487 Commercial US 

8 INTERNATIONAL BUSINESS MACHINES CORP 446 Commercial US 
9 UNIV CHANDIGARH 445 Academic India 

10 PORSCHE AUTOMOBIL (VOLKSWAGEN) 422 Commercial Germany 

11 HITACHI LTD 374 Commercial Japan 

12 FORD MOTOR CO. 370 Commercial US 

13 FANUC LTD. 351 Commercial Japan 

14 UNIV JAIN 349 Academic India 

15 GENERAL ELECTRIC COMPANY 326 Commercial US 
16 CANON INC 290 Commercial Japan 

17 HALLIBURTON CO HOLDING 280 Commercial US 

18 NEC CORP 275 Commercial Japan 

19 BAYERISCHE MOTOREN WERKE AG (BMW) 273 Commercial Germany 

20 HYUNDAI MOTOR CO. 271 Commercial Korea 
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GREAT BRITAIN 

The top patent filing UK organisations include: 

 

Source: Clarivate via Derwent Innovation 
R

a
n

k  
Assignee/Applicant Document 

Count 
Organisation 
Type 

Country 

1 ALPHABET INC. (DEEPMIND TECH LTD) 29 Commercial GB 

2 UNIVERSITY OF OXFORD 17 Academic GB 

3 BRITISH AMERICAN TOBACCO PLC 14 Commercial GB 

4 BP P.L.C. 12 Commercial GB 

5 UNIVERSITY OF LONDON 12 Academic GB 
6 APTIV PLC  12 Commercial GB 

7 DYSON LIMITED 11 Commercial GB 

8 BAE SYSTEMS PLC. 10 Commercial GB 
9 ROLLS ROYCE HOLDINGS PLC 10 Commercial GB 

10 CAMBRIDGE UNIVERSITY 9 Academic GB 

11 WHEELRIGHT LTD 9 Commercial GB 
12 IMPERIAL COLLEGE 8 Commercial GB 

13 RANDOX LABORATORIES LTD 6 Commercial GB 

14 UNIV DUBLIN TECHNOLOGICAL 5 Academic GB 

15 WIND FARM ANALYTICS LTD 4 Commercial GB 
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R
a

n

k  

Assignee/Applicant Document 
Count 

Organisation 
Type 

Country 

16 J C BAMFORD EXCAVATORS LTD  4 Commercial GB 
17 CELL THERAPY CATAPULT LTD 4 Commercial GB 

18 CATAGEN LTD 3 Commercial GB 

19 ADAPTIX LTD 3 Commercial GB 
20 MASSIVE ANALYTIC LTD 2 Commercial GB 

7.4.1 FILING TRENDS 

The top filing companies, such as Bosch and LG Electronics, have continued to increase the number of 

patents filed significantly. Interestingly, LG Electronics had a spike in patent filings in 2019. Bosch and 

Toyota emerged as the most active in 2020. The University of Chandigarh and JAIN have filed a 

significant number of patents in 2022, but the 2021-2023 data given in the graph will not be complete, 

due to the 18-month delay between priority application and publication. 

 

Source: Clarivate via Derwent Innovation  
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7.4.2 TECHNOLOGY FOCUS 

Machine learning (G06N20/00) and neural network learning methods (G06N3/08) applied to 

engineering represent the most competitive areas, with a high number of these patents filed by major 

companies, such as FANUC and Toyota. Most of the automotive players have a higher proportion of 

patent filings in these methods, while Ford and Toyota have also invested significantly in methods for 

recognising patterns (G06K9/00). In contrast to other sectors, there appears to be less interest from 

the automotive industry in image analysis (G06T7/00), as this area is dominated by Siemens, Canon 

and Hitachi. There also appears to be significant activity around programme-controlled manipulators 

(B25J9/16), with substantial numbers of patents filed by Alphabet, FANUC and LG Electronics. 
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7.4.3 PATENT STRENGTH 

Several players, such as FANUC, established an early footing in the engineering and AI space. The high 

number of assignees with patent portfolios of a similar age and technology impact illustrates how 

competitive the industry is, with Hyundai and JAIN being some of the latest newcomers. Most 

interestingly, despite significant patent filings from automotive players, such as Toyota and Mitsubishi, 

Alphabet is a pioneer in the field. 
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7.4.4 PATENT PORTFOLIO VALUE 

Despite Alphabet being a pioneer in the area of AI and engineering, the greater proportion of granted 

patent families held by Toyota, FANUC, and Siemens mean that their patent portfolios are more 

valuable in the engineering field. 
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7.5 LANDSCAPE MAP 

²Ŝ ŀǇǇƭƛŜŘ 5ŜǊǿŜƴǘ LƴƴƻǾŀǘƛƻƴΩǎ ǇǊƻǇǊƛŜǘŀǊȅ ¢ƘŜƳŜ{ŎŀǇŜTM mapping tool to generate a landscape 

map to identify key areas of high patent coverage and areas of low patent coverage, as well as gain 

insight into the position of the patent portfolios of the top 10 assignees. This is illustrated in Figure 4 

below. The more heavily concentrated areas of the patent landscape relate to computer vision and 

vehicular environment, and robotics. 

Figure 4 legend: 

Company Colour 
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Univ Chandigarh  

Porsche Automobil (Volkswagen)  
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Figure 4. AI in the engineering and transport sectors (Source: Clarivate via Derwent Innovation). Each dot indicates the location of an INPADOC patent family on the map. 

The map has been overlaid with the key areas in which the patents fall on the map. 
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