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EXECUTIVE SUMMARY

The Royal Society provides expert, independent advice to polagers and to the general public,
championing the contributions that science can make to economic prosperity, quality of life and
environmental sustainability.

Thew?2 & | £ SDBrOMiIVE Taeiology for Reseapbject aims to understand the landscape of
data-driven and artificial intelligencbased technologies across different fields of scientific research.
The project will further articulate the impact and risks datéven technologies can have, outline case

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 develemt, adoption, and uses of such technologies.

As part of this projectlP Pragmatics Ltd has been commissionedndertakea patent landscape

analysis for Artificidhtelligence (Al) related inventions to provide additional information and context

02 adzLILR2 NI GKS LINRP2SO0Qa YIFAY FAYad LYF2NNIGAZY
of key trends, areas of invention and case studies will enable end tsés/e an overview of the

current state of commercialisation for Al related inventions.

AlPATENT LANDSCAPE SUMMARY

The artificial intelligence (Al) patent landscape has grown significantly in the last 10 years, as
indicated by the significant increase in the number of patents over this period.

1 The last five years accounted fapproximately 74% of the total patent landscape, which
illustrates the significant developments and commercial interest within the field.

Patent Filing Trends
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INPADOC family count
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Source: Clarivate via Derwent Innovatigiata for 202-2023 is not complete given the 48onth
delay from the priority filing date and the date of publication)
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1 A continuation of the positive patent filing trend is expected as the global Al 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.

9 China dominates the patent landscape

o0 the majority ofpriority patent applicationg an indicator of research and innovation
¢ are filed in China, followed by US, Japan, and Korea. A more recent increase in Al
patent filings has been observed in India.

0 an analysis ofhe territories in which applicants choose to subsequently file their
applications an indicator of keycommerciaimarketsc is led byChina followed by US
and Europe.

Great Britain ranks 10th in the Al patent landscap# list of countries
1 where priority applications are filed
1 as akey markets for Al patents
9 it accounsfor approximately 1.15% of the overall patent landscape.

In Europe, UK ranks secobehind Germany Great Britain is therefore one of the leadiggiropean
players driving Al innovation withstience and engineerirrgsearch areas.

Top European Territories

Great Britain :I

Germany \ I

Assignee Country & Priority Country

0 1000 2000 3000 4000 5000 6000 7000
INPADOC Patent Families

Defined by technologytype, machine learning is the dominant Al stiiield of patenting activity, with
neural networks forming the most prominent swategory. Most innovation relating to training
methods took place after 2016, wherein backpropagation is the leading neural network learning
method, followed by unsupervised and reinforcement learnirgtimds.
9 The filing rate for backpropagation and unsupervised learning decreased in 2020 in contrast
to reinforcement learning methods which has continued to increase in 2020.
1 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

4| Page



is closely followed by a continued increased interest in convolutional networks, and to a lesser
extent recurrent networks.

Key Al patent applicants are commercial organisatigiise top playerdanclude Siemens, IBM, and
Samsung Electronics.

1 The patent portfolio held by Canon established an early footing in the field of Adlfbhhbet,
Siemens, IBM, and Samsung are the most influential newcomditsese also appear to be
the most valuable in the scientific and engineering fields.

9 Legal status analysis shows that this is a field with significant gimetémtialand commercial
interest, demonstratedby the high proportion of granted and pending patent families, in
combination with a low proportion of lapsed patent families.

The diversity of Al systems makes it adaptable for performing a wide array of tasks. In tettmes of
application of Al tecientific researctthe medical sciencgarethe most active in relation té\related
innovation, aad advances in Adreimproving healthcare and patient treatment outcomesd driving
efficiencies across a wide range of medical and healthcare systénsirprisingly, there is also
considerablelevel of activityacrossthe transport industry, with autonomous vehicles and robots
beingthe key focus.

Al Application
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Earliest Priority Year

Medical Science Performing Operations & Transporting
Biotechnology & Chemistry = Textiles & Paper
e Construction - Mechanical Engineering

Note: data for2021-2023 is not complete given the 48onth delay from the priority filing date and
the date of publication
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AlPATENTSN MEDICINE & PHARMACEUTIONMENTIONS

1 A search generated a result @f745INPADOC patent families for the application of Al in
medical preparations and pharmaceuticals, with an increase in the patent filing rate over the
last 10 years.

1 The patent landscape map showgnificant patenting activity related to genome analysis
and medical imagingwith significant interest also innderstanding disease pathology and
protein structure.

1 Key patents point to the importance of Al for improving the efficiency of diagnosis,
prognosis, and therapeutic response predictioifthe technology is also having a significant
impact on systems for identifying effective treatments, drug discovery and clinical trials.

1 Computeraided diagnosis and image analysis represent the key research areasl
artificial neural networks are most frequently used for image analysi$ere also appears to
be significantinterest in supervised data analysis for bioinformaticelated machine
learning and data mining, as well as health risk assessment

1 The significant interest in the use of Al 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 wiadi and effective
treatment.

1 Top Al patent applicants in this industry sector include Illlumina, University Of California,
and Roche

1 Between 2016 and 2019 there was greater interest in filing patents using Al for image and
nucleic acid analysis, which has been followed by more interest in developibgséd
platforms that leverage pharmacogenomic data and clinical trial datasets twheie
portfolio of candidate drug response biomarkers and prediction of treatment responses.

1 lllumina filed the most patents in 2018&ollowing which thegrowth in their patent portfolio
appears to have slowed dowT his trend was also observed in the patent filings of Siemens,
Philips, Alphabet, and Fujifilmin 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.

1 Al patent portfolios held by Roche, University of California and IBM appear to be most
valuable in this sectorSiemens established an early footing in the field of medical treatment,
with Harvard University and MIT being pioneers in the area. Most notéliphabet is the
most influential newcomer

1 Roche and Siemens dominate the image analysis sectath both companies also being
active in the development of pattern recognition systemghilips also holds a patent
portfolio that follows a similar patterrio these companieslllumina 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 |BhMwever the
portfolios of the two technology companies are much more diversified.

1 Genesis Healthcarappears to dominate the area relating &malysis of biological material
with patent filings exclusively in this area.
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AlPATENTSN MEDICAL TECHNOLOGY

1 A search generated a result of 29,340 INPADOC patent families for the application of Al in
medical technology, with an increase in the patent filing rate over the last 10 years.

9 Significant areas of patenting activity relate to medical imaging, surgeas well as
considerable activity around understanding hard to treat cancers and health monitoring.

1 Al has had the most significant impact on medical image analysis, diagnostics and health
management, as well as computassisted surgical systems.

1 The most recent innovations focus on measurements for diagnostic purposes, computer
aided diagnosis, and image analysié/hile machine learning and neural network learning
methods are dominant Al approaches, there also appears to be significant interest in systems
for recognising patternsNeural networks comprising combinations of networks are
surfacing within the Al patent landscape for medical technolgggnd artificial neural
networks are emerging as the main tool for image analysisth significant inovation also
focusing on algorithmic training methods.

1 Deep learning systems are a key area of reseansith particular interest in convolutional
neural networks. There also appears to be significant interest in unsupervised learning, as well
as medical imaging and physiological data.

1 The top players filing Al patents in this field include Philips, Siemens, and IBM.

0 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.

1 Siemens dominates most key areawith greatest focus on the image analysis sector, which
also has significant competition from Philips, Fujifilm and Canon.

0 While most healthcare technology companies are heavily invested in image analysis
and machine learninggamsung is more focused on measuring systems for diagnostic
processeswhich also appears to be the focus of the University of Chandigarh.

o IBM dominatesthe area of the patent landscape focusing on ugpagjent-specific
data.

1 The Al patent portfolios held by Siemens, Philips, and IBM appear to be most valuable
Canon was one of the earliest patent filers, with IBM, Fuijifilm, Samsung, and University of
Chandigarh also well establishegiemens is the most influential player, and Alphabet is
quickly becoming an important player

AIPATENTSN BIOTECHNOLOGY & CHEMIINVENTIONS

1 A search generated a result of 15,012 INPADOC patent families for the application of Al in
biotechnology and chemistry sectors, with a positive trend the patent filing rate over the last
10 years.

1 Significant areas of Al patenting activity relate to relate to cancer, genomic data, gaseous
emissions, with significant interest also in microcontrollers.

1 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 proteomicsCombinations 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.

1 Key patents also appear to relate to machine learning for environmentally controlled
vertical farming systems, and crop health monitoring, assessment and predictidoreover,

Al has had a profound impact on the monitoring of bioreactors, genomic engineering,
hydraulic fracturing and natural resource exploration using microbial/genetic information.

1 Leading applicants include International Business Machines Corp, University of Chandigarh,
and Halliburton Co Holding.

1 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.

0 The rate of growth subsequently slowed down in 2020 and similar levels of patent
activity were observed across the top parent organisations.

1 Siemens and Saudi Arabian Oil Company both established themselves eafyrelated
patenting activity whileL . a Q& LJ G4 Sy G L2 NI F2f A Alphdbdt and2y aA RS
Illumina represent new entrantsand have had the most significant impact on research.
NeverthelessL. G electronics has a more valuable patent portfolite to a much higher
number of granted patent families.

1 LG Electronics, IBM, Schlumberger, Alphabet, Illumina and Deere dominate with patents
relating to machine learning and neural network learning methads

0 Genesis Healthcare leads -Adlated innovation in the analysis of biological and
chemical material whilelllumina appears to be the most significant player in cancer
genetic analysisandDeere driving innovation in methods for recognising pattetns

Al PATENTS IRNGINEERING & TRANSPORT

1 A search generated a result of 45,454 INPADOC patent families for the application of Al in
engineering sectors, which has experienced significant growth in the patent filing rate over
the last 10 years.

1 Concentrated areas of patenting within the patent landscape relate to computer vision and
vehicular environment, and robotics.

1 Alinnovation is having the mosignificant impact in relation to intelligent diagnosis systems
for structural defects, autonomous vehicle control and machine learning systems for
controlling robots.

1 Machine learning, neural network learning methods, image analysis, and methods for
recognising patterns patent classifications dominate, wherein Al appears to primarily be
used to control vehicles and manipulators

0 Most patents have been filed between 2018 and 2021

o Combinations ofheural networks and recurrent networksare the most frequent
neural networks used, with backpropagation being the leading neural network
learning method.

o0 There is als®ignificant patent activity relating to probabilistic graphical models
while artificial neural networks and algorithmic training methods are the most
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common Al systems beindeveloped for image analysis within the engineering
industry.
Key Al 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.

0 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 moeadte
over the last 10 years

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

Several players, such BANUC, established an early footimg the engineering space, with
Hyundai and JAIN being the latest hewcomerBnportant players include automotive
manufacturers, such as Toyota and Mitsubishi, with Alphabet also emerging as a pioneer in
the area. The portfolios dfoyota, FANUC, and Siemesa® 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 patteims
contrast, there appears to bless interest from the automotive industry in image analysis,
as this area is dominated by Siemens, Canon and Hitathére also appears to be significant
interest in programmecontrolled 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 faartificial intelligence(Al) to help understand howAl istransforming

scientific and engineeringsearcltb ¢ KS &SI NOK aidNAy3Ia 6SNBE RNI FGSR
landscape toolDerwent Innovation with additional analysis conducted @rbit by Questel The

Derwent Innovation database contains full text patent information from all the major patent
territories, bibliogaphic data from other territories (covered by International Patent Documentation
(INPADOC)), plus augmented data added by Derwent World Patent Index, DWPI.

Sarcheswerelimited to the last 10 years to focus oecenttrends,andkeywordschosen to represent

the Al technology areas currently dominating the research field. The chosen keywords were searched
across the Title/Abstract/Claims fields, as these includectiitecal technical features of inventions.

hiKSNJ NBf SOFyid 1Seé2NRA a4dzOK |a GNRo2GAOaA€XT aGoA3
topics of the key areas, hence were not included to keep the dataset foclibedappendixetails

the keywords that formed the basis of our searches.

Nevertheless, the wide variety of-Adlated terminology presents a risk for keywedsed searching
missing relevant patent data, hence the search strategy includes a combination of IPC/CPC codes and
DWPIM Manual Codes relating to Al, in order to broaden the coverage without compromising the
accuracy of the dataset. The IPC/CPC codes and 'BWRhual Codesare technology indexing
systems used to categorise patents based on subject matter.

The IPC/CPC codes and DWRIanual Codes were also used to focus @émalysisof Al applications

within the natural sciences and engineering fields in order to provide more granular information on
how Al is transforming research. Patent documents relating to ICT systems adapted for administrative,
advertising, commercial, educational afidancial purposes were excluded froour analysisgiven

their lowerimpact on scientific research.

Thetotal dataset generated was used tovestigate the overall trends and geographical disttion

of the Al patent landscapeA number of sub-searches were performed tpermit more detailed
insights on the identified key Al application arggisenthe size and diversity of the patent landscape
Snce patent filings inChina dominate the patent landscapee took an early decisioim the search
strategyto omit Chinaonly applications, to avoid skewirige subsequentanalysis othe Al patent
landscape

The Appendix of this reporalsolists the search codesisedin the searchng strategy, as welthe
definitions ofIPC/CPC classifications and DWManual 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 commaechnology area based on key words within the claims
and/or abstracts/text of individual patents within the searched field. Thes sétINPADOC patent
families identified in thepatent landscape sear@s were YI LILJISR dzaAy3 5SNB Sy
proprietary ThemeScapemapping toolto generate visual mapsf patenting activity wheresubject

l

N

matter of high patenting activitys NS LINS A Sy G SR o6& G LISI | Madps weye G KS
generated for each of thdifferent sectors.

1.3 FORWARD CITATION ANALYSIS

There are a number of metrics that can be used to determine key patents withialgector, these

include age ofthe patent fromthe priority date, independent claim count, first claim word count, as

well as family size anldreadth ofinternational filings. A commonly used indicator is the number of

times thatapatentA & OAGSR o6& | fFGSNI LI GSYyd 6aF2NBI NR OA i

to be cited more often than less valuable patents. In order to minimise biadg,non-self forward
citations were examined, as assignees frequentlytbiédr 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 patentfamilies and technical domain also have an effect on the number of citatams,
therefore the methodologyfor non-self forward citations correstandaccounsfor these factors. The
technology impacmetric 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 Al PATENFILINGLANDSCAPE

2.1 FILING RATE

Patent filing trends offer a snapshot of the level of activity intdkehnologyspace oveagiven period

The artificial intelligencéAl) patent landscape has growsignificantly in the last 10 yearas shown

by the significant increase in the number of patents filEdere was a steady increase in patent filings

for Al applications iscienceand engineerindgpetween2013and 2016 which has beeifollowed by a
steeperincreasemore recently The last five years account for approximately 74% of the total patent
landscape, which illustrates the significadgvelopments andcommercial interest within the field.
Thisisbe expectedjiven theprogressn the hardware and processing technologiich has occurred

over a similar timgeriod,asKS Rl i1 Yy SSRSR rdigno oig& th©otflenddi@ withJdzii S
storage and processing poweneeded to execute deep learninghow available, fast and cost
effectivdy™.

Please note, 2022023 data given in the graph will not be complete, due to theridhth delay
between priority application and publicatior\Neverthelessye canexpect to see a continuatioaf
the positive trend, given that the globall market sizes expected teexpand at a compound annual
growth rate (CA®) of 37.3% from 2023 to 203€rom $136.55 billion in 2022

Patent Filing Trends

- S NG

INPADOC family count
- J

Y% s Y% ‘s %

Earliest Priority Year

Source: Clarivate via Derwent Innovation

1 https://mwww.theguardian.com/society/2017/sep/12/patientdlnessescould-soonbediagnosed
by-ai-nhsleaderssay

2 https://www.grandviewresearch.com/industrginalysis/artificiaintelligenceai-market

17| Page


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

2.2 PRIORITFILINGCOUNTRIES

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 godudicaior of the countriesleading inresearch 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 bthe country in which they are based.

The Al 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%nterestingly, there appears to be a more recent increase in Al patent filings

in India.Great Britain represents a significantly smaller portion of the Al patent landscape, ranking
10" in the list, with approximately 0.5% of all priority applicationSection 2.4 has further analysis)

Patent families by 1st priority country (without EP and WO) Patent families by 1st priority country
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2.3 PROTECTION COUMNMR

Similarly,we can look at the countries elected for patemibtection (i.e. the jurisdictions of granted
active patents includinthe countrieswhere European patents are actiy€This is a goonhdicator of

the leading markets in a givdield. 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.db&l granted patentsNotably, despite most
researchtaking place in Asia and North America, Europe represents a key major maH®tever,
the Chinese and US markets are growing at a faster pace than in E@a.Britain ranks 10 in
the analysis, accounting for approximately 1.15% of the patemgfranted

© Questel 2023
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2.4 GREAT BRITAIN

Theuse ofAl inthe scienceand engineeringnarket is being driven primarily by the demand for Al
technology to improve processes acrdssy/ areaslt is therefore unsurprising to ses correlation
betweenpatent filingtrendsandglobal marketshares. North Americaepresents the leadingarket,
which is likelydue to an interplay of anumber of factors, such ake presence of manjop science
and technolog companiesas well as a highly skilled workfotckaterestingly the AsiaPacificregion
is predicted to have théighestcompound annual growth raté48.6%) between2022and 2027, in
comparison tahe US 43%) and Europ€46.3%¥, which isalsoreflected in the granted patent trends
shownin Section 2.3The patent landscapalso complements the reportedncrease in activities
within the healthcare industry in China and Indlitn a recent report by BGGn Europe, UK has the
second largest share of the Al in life sciences maalietr Germany accounting for approximately
14.7% and having the highest predictesimpound annual growth rate @7.9% in the regiohAs a
result, i KS |'Y 32 @S NY Y S Office fot Attificial2 itidiigbetdiskpPort dhe plan for
continued growth.

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

RoW
5.2%
AsiaPacific
24.1% ‘ North
America
43.8%
Europe
26.8%

North America = Europe = Asia Pacific = RowW

Source: BCC Research

European Market Shares of Machine Learning in the Life Sciences, by Codo#$(%)

Germany
16.0%
Rest of
Europe U.K.
38.2% 14.7%
l‘ France
Spa;m Italy 12.2%
7.3% 11.5%
Germanyms UK = Francen Italy m Spains Rest of Europe

Source: BCC Research

3 GlobalMarkets for Machine Learning in the Life Scien@astober 2022BCC Publishing StaReport Code:
HLC284A
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In Section 2 and 23, Great Britainis shown to represera smaller portion of the Al patent landscape

in science and engineeringn comparison to North America and A$tacific regionsHowever, m

Europe it can bemore difficult to estimatepatentfiling ratesacross individuakrritories, asapplying

for aregionalEuropean patent iacommon IP strategfit can be simpleandmore costeffective than
obtaining individual national patents in the membstatesof the European Patent Conventipis a

result of theinternational interesin Alwithin science and engineerinthis route oftenprovidesmore
commercialnd strategi@dvantagesas illustratedy a recent report, which found thaaround 88%

of Alrelated 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
2dzNR ARAO(GAZ2Yy adé

As a result, in order to provide a more accuragtimate of filing ratesvithin each European country
the following graphncorporates data relating to assignee locatipmvided by Derwent Intelligence.
The visualisatiomompares the number of patents filéd the top five European countriegthere UK
ranks second following Germanyhich complements market datal'he implementation ofAl
technologywithin the manufacturing sectom Germany appears to be theey factor drivingthe
evidentgrowth in innovation, as themanufacturing sectorepresents25% ofD S NJY b g&énom§.
Great Britain is therefore one of the leadiBgropearplayers driving Al innovationithin science and
engineeringesearch areas

Top European Territories

Great Britain :

Germany |

Assignee Country & Priority Country
L
Q
]
(o]
2 .

0 1000 2000 3000 4000 5000 6000 7000
INPADOC Patent Families

4 https://lwww.potterclarkson.com/insights/patentingi-in-the-uk-trends-and-outlook/
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In responseto the gapin Al innovationwhen compared withthe North America and AsiaPacific
regiors, the UK government has set up a number of grants to help boost developnkentastance

the Life Sciences Innovative Manufacturing Furadudes£17 million in government fundingvhich is
supported by additional private investment of £260 millimnhelp fund life sciences manufacturing
projects in both medical diagnostics and human medidin@stechnologyprovidesan important
opportunity to grow the UK economiyhence such funding schemes will be imperative to help drive
AYYy20lFGA2Y YR & degoighdldadelsiy Qidnceidd endinieridyi(s rdsult, recent
growth rate inUK patent filingshas become similaio other keyterritories, such ashe US despite

the UK represeribga smaller portion of the patent landscape

Althoughmarket differences are likely tbe the primary factordriving the apparent differences in
patent filing ratesacross the worldthe variouspatent law and regulatory frameworkscluding data
protection) may also have an impact onnovation For instance, e European Patent Convention
and UKIPG@ollow similar approachewhen assessingl inventionswhereincomputer programs and
mathematical methodsre excludedrom patentability, unlesssuchinventions provide anovel and
AYOSY(GA@dS & Shishsyedveedflin mdré defibin $ectibh in this report.In addition,
methods of treatmentand diagnosisare generally not patentable in Europeso that medical
practitionersare not restricted at the point of care of a pati€ntn contrast, theUSPTO is reported to
follow a morepermissiveapproachin terms of patentable applications of Ahd method8. We can
seethat a higher proportion of patentm the USare granted than in the UKvhere patentsmayalso
havefaced increased regulatory challenges, as shown by the highmsortion of revoked patents

Grant Success Analysis

S 60.00%
£ 48.35% 48.71%
$  50.00% arary 29%%

7.87%
S 40.00% ’
g < 30.00%
£ § 20.00% ., 11.31%
S E 10.00% L1k
= -t 0.41%0.86%  0.87%1.25%
2L 0.00% 1]
§. Granted Pending Revoked Expired Lapsed
a Legal Status
2

ouSEGB

5 https://iwww.gov.uk/government/news/lifesciencescompaniessuperchargeevith-277-million-in-
governmentand-private-investment

6 https://www.gov.uk/government/news/initial100-million-for-experttaskforceto-help-uk-build-and-adopt
nextgenerationof-safeai

7 https://lcameronintellectualproperty.com/apatentability-in-europe-us-your-chancesbefore-epo-uspto/

8 https://www.vennershipley.co.uk/insightsvents/patentabilityof-methodsof-treatment-and

diagnosis/#:~:text=This%20has%20led%20t0%20the,the%20human%200r%20animal%20body%E2%80%A6%E

2%80%9D
9 https://cameronintellectualproperty.com/apatentability-in-europe-us-your-chancesbefore-epo-uspto/
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Neverthelessa quantitative comparisorof patent filingsin each countryprovides a veryittle insight
into the quality of Alinnovationwithin science, technology, engineering, and mathema(g3EM)
research asit does not consider the impact gfatent filingson the patent landscapdn order to
investigatethe impact of Al innovation in each countrihe 6Average Technology Index Scbre
(provided by Orbit by Questelvas utilised as described in Section 1lB8terestingly, although China
has filedsignificantly more patentghan any other territory the patent filings in US appear to have a
highertechnological impact on the landscaf&milarly,despite Indiaexhibiting the most significant
growth rate in Al patent filings in thecience an@ngineering sectotghe innovation does not appear
to have a significant impacin contrast, #hough the UK represents a smaller portion of the patent
landscape research and innovation by UK organisatiappears to beéhaving a profound impacts
the UKis amongst the highest ranigmn world. In particularthe UK has &igherimpact thanCanada,
GermanyFrance,JapanKorea, anddustralia Please note, the graph does not show EP and WO patent
filings, whichare common patent filing strateigs, andcantherefore have an #ect on the analysis.

Technology Impact Analysis

Average technology impact index score
0.13 2.54

Powered by Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, OpenStreetMap, TomTom, Zenrin
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Although the UK is one of the leaders in Alamation within the sciencand engineeringectors the
following chart investigates areas of strength amdaknessof patents filed by UK organisations. It
can be observethat in the UKa higher proportion of patent filingare focused on the engineering
and transport sectorswhich appears to be drén by patent filings bynajor industry playerssuch as
BP, Jaguar Land RoveBAE SystemsindRolls Roycewith significant interest also frotme University
of Oxford Universityof London and Cambridge UniversityThe limitations in the patentability of
treatment and diagnostic methods the UKmay havealsocontributed tolower interest inmedical
technology Since patentaw is more similain Europecomparablerendscanalsobe observed in the
region.In contrast,patent activity relating tanedical technologys higherin China, US, India, Kare
and JapanBiotechnology and medicine fieldse also representedess in the UKIn responsethe
governmenthas opened a number of centres of excelledeglicated todevelopingAl technology in
healthcare such as théArtificial Intelligence Centre for Valt®ased Healthcare and the London
Medical Imaging, in order tokeep the UK competitive in these areds a resultit can be observed
in the following figures that UK patent filingsare making a significant impadh science and
engineering based on the technologynpact index score

Al-Application in STEM Research (GB)
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3 Al PATENTINGREND

Whilstthe data shows China domiriag the Al patent landscape, it is important to highlight that a
large proportion of the patents are filed exclusively in China. Since most s plagent applications

do not reach national phase, these are unlikely to have an impact on the wider scientific and
engineering community. Therefore, our search stratdwgreon in the report omits Chinaonly
applications, in order to provide a more accurate picture of the Al patent landscapeiaridateany
analysis bias thanhay begenerated throughretainingdomestic Chinanly applications.

Please note, 2022023 data were omitted from the graphical representations, since data for these
years will be incomplete due to the 48onth delay between priority application and publication.

The Al patent filing trends are not affected by the exclusion of Ghitia applications from the
dataset.

3.1 FILING RATEY Al TECHNOLOGY

Technologyfiling trends were investigatedto gain an understandingf the technology areas driving
the rapidgrowth of Alpatent activity Machine learning is thdominant Al technique

Al Technology Trends
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3.1.1 MACHINE LEARNING

al OKAYS tSFNYAy3 O2yadAaddzisa |+ 6ARS

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

F NN & 27

of patents within machine learning, which halsowna 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 mehodsexperienced a slower rate of growth in 2020 than in previous years.

Machine Learning Sultategories
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INPADOC Family Count
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3.1.2 NEURAL NETWORK LEARNING METHODS

As already mentioned, neural networks form the largest-diuision of machine learning. Neural
networks represent an efficient means to solve problems and carry out thsksan 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 pédter 2016,

with backpropagation emerging as the leading method patented. It is followed by unsupervised and
reinforcement learning methas. While the filing rate for backpropagation and unsupervised learning
decreased in 2020 compared to 2019, reinforcement learning methods have continued to increase.

Methods of training neural networks
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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 haye@ound 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
prominentin the scientific and engineering fields. This is closely followed by the continued interest in
convolutional networks, and to a lesser extent recurrent networks.

Neural Network Architecture
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3.2 Al APPLICATIONS

It is clear that the diversity of Al systemmakesit adaptable for performing a wide array of tasks. In
terms ofthe application of Al tacientific researchthe medical sciencgarethe most active in relation
to Alrelated innovation, ad advances in Adreimproving healthcare and patient treatment outcomes
and driving efficiencieacross a wide range of medical and healthcare systémsurprisingly, there
is also considerablievel of activityacrossthe transport industry, with autonomous vehicles and

robots being the key focus.
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Note: datafor 20212023 is not complete given the 48onth delay from the priority filing date and
the date of publication

3.3 TOPCLASSIFICATIONS

3.3.1 IPC CLASSIFICATIONS

Jassificationanalysis carprovide further insights intothe areasdriving the growth of Al in the
scientific and engineeringindustries. 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 pertahve IPC divides
technology into eight sections with approximately 70,000 subdivisionsrélaeantlPC symbols are
displayedon each patentdocument, 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 td@® current IPC codes from thgatent landscapevas 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 tbearch strategyso there will be some bias towards

the top-level codesve used in the search in these results.

Each patent is typically classified according to onenore IPCs ashe subject mattermay cover a
number of technology fields. The td® IPC listing highlights and explathe most frequentiPC codes
identified within the patent families listed:

Top IPC Classifications

6702
- 6430

5893
5306

3232

1865

INPAD OC family court

1652

IPC-Current

1. GO6N 20/00(6T02) W 5. G16H 50/20(4245) 9. G16H 30/40(1865)
2. GO6N 3/08(6430) 6. GOGK 9/00(3747) 10. G16H 10/60(1652)
3. Ab1B 5/00(5893) 7. GOSN 3/04(3606)

B 4. GOGT T7/00{5306) B B. GOGK 9/62(3232)

Source: Clarivate via Derwent Innovation
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Rank IPC Number | Definition

of
Families

1 | GO6N20/00| 6702 | GO6N20/00 Machine learning
2 GO6N3/08 6430 GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/08 Learning methods
3 A61B5/00 5893 | A61B5/00 Measuring fordiagnostic purposes; Identificatio
of persons
4 G06T7/00 5306 GO06T7/00 Image analysis
5 | G16H50/20| 4245 G16H50/00 ICT specially adapted for medical diagno
medical simulation or medical data mining; |
specially adapted for detectingmonitoring or
modelling epidemics or pandemics
G16H50/20 for computeraided diagnosis, e.g. based
medical expert systems
6 G06K9/00 3747 | GO6K9/00 Methods or arrangements for recognising patter
7 GO6N3/04 3606 GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/04 Architecture, e.g. interconnection topology
8 G06K9/62 3232 GO06K9/00 Methods or arrangements for recognising patter
GO06K9/62 Methods or arrangements for pattern recognitiq
using electronic means
9 | G16H30/40, 1865 G16H30/00 ICT specially adapted for the handling or proces
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 proces
of patient-related medical or healthcare data
G16H10/60 for patientspecific data, e.g. for electronic patie
records

The majority of the top 10 IPCs are within the GO6N 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 Al related IPCs relate to madbaraing (GO6N20/00), neural networks
learning methods (GO6N3/08), and image analysis (GO6T7/00).

Our classification analysis reveals that Al technology is most frequently applied to: measuring for
diagnostic purposes (A61B5/00), computeded diagnosis (G16H50/20) and for the processing of
medical images (G16H30/40).

33| Page



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 Al technologi@816 represents the year with the most technological
diversity, as manyf the technologiesvere representedequally. Machine learning (GO6N20/00) and
neural networklearning methods (GO6N3/08) 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 (G0O6T7/00) and compuaiieled diagnosis (G16H50/20).
Interestingly, despite the significant increase in patent filings relating to image analysis and ceamputer
aided diagnosis, as well asasuring for diagnostic purposés61B5/00, a parallel increase has not
been reflected in patent filigs relating to therocessingf medical image$G16H30/40 or patient-
specific datgdG16H10/6(. This difference suggests that Al patent applications have recently evolved
to provide assistance in more skilled or complex tasks, such as diagnosis.

Top IPC Classification Trends

GO6N-020/00

GO6N-003/08

A61B-005/00

GO06T-007/00

GO6N-003/04

All IPC codes

GO6K-009/62

G16H-050/20

GO6K-009/00

G16H-030/40

G16H-010/60

1st priority year

© Questel 2023
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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 detall,
as IPCs provide less granularity than CPCs on the technology classifications. The relevant CPC
classifications were analysed to provide more dethileformation on the key areas of interest for

patent protection.

Top CPC Classifications

9507 9400

6996

2991

INPAD OC family court

CPC-Current

1. GO6N 20/00(9507) B 5. GO6T 2207/20081(4766) 9. G16H 50/T0(3197)
1. GO6N 3/08(9400) 6. GO6T 2207/20084(469T) 10. GOGV 10/82(2991)
3. G16H 50/20(6996) 7. GO6T T/0012(3362)

B 4, GOGN 3/045(6280) B 8. G16H 30/40(3259)

Source: Clarivate via Derwent Innovation

Rank CPC Number Definition
of
Families
1 GO6N20/00 9507 | GO6N20/00 Machine learning
2 GO6N3/08 9400 | GO6N3/00 Computingarrangements based on biologic
models

GO6N3/02 Neural networks

GO6N3/08 Learning methods

3 G16H50/20 6996 | G16H50/00 ICT specially adapted for medical diagno
medical simulation or medical data minin
ICT specially adapted for detectin
monitoring or modelling epidemics ¢
pandemics

G16H50/20 for computeraided diagnosis, e.g. based
medical expert systems

4 GO6N3/045 6280 | GO6N3/00 Computing arrangements based on biologi
models

GO6N3/02 Neural networks

GO6N3/04 Architecture, e.ginterconnection topology

GO6N3/045 Combinations of networks
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Rank CPC Number Definition

of
Families
5 | G06T2207/2008] 4766 | G06T2207/00ndexing scheme for image analysis or im:
enhancement
G06T2207/2@pecial algorithmic details
G06T2207/20081 Training; Learning

6 | G06T2207/20084 4697 | G06T2207/00ndexing scheme for image analysis or img
enhancement

G06T2207/2@pecial algorithmic details

G06T2207/20084 Artificial neural networks [ANN]

7 G06T7/0012 3362 | GO6T7/00 Image analysis

GO06T7/0002 Inspection of images, e.flaw detection

G06T7/0012 Biomedical image inspection

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

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

9 G16H50/70 3197 | G16H50/00 ICTspecially adapted for medical diagnos
medical simulation or medical data minin
ICT specially adapted for detectin
monitoring or modelling epidemics ¢
pandemics

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

10 G06Vv10/82 2991 | GO6V10/00 Arrangements for image or video recogniti
or understanding

GO06V10/70 using pattern recognition or machine learni

G06V10/82 using neural networks

Analysis of the top CPC classifications reaffirms the same technfiddy identified by top IPC
classifications, such asachine learningGO6N20/00), neural networksarning method¢GO6N3/09
and computeraided diagnosiqG16H50/20. In addition, CPC analysis reveals that images are
primarily analysed using artificial neural networks (G06T2207/20084also uncovers that there is
significant interest in combining neural networks (GO6N3/04%)hich appears to help Al systems to
accurately perform more complex tasks This may help to explain the emergence of Al patent
applications in more technically demanding areas, suatoagputeraided diagnosi§G16H50/20.

11 https://lwww.sciencedirect.com/science/article/abs/pii/S0893608096000986
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The CPC classificatiottend analysis also reveals the recent emergenceanage analysisusing
artificial neural networks (G06T2207/2008)d neuralnetworkshavingcombinations ofnetworks
(GO6N3/045). There have also been small increases in the number of patent filings relating to: the
mining of medical data(G16H50/70), lomedical image inspectiofGO6T7/0012 and pattern
recognition GO6V10/82.

Top CPC Classification Trends

GO6N-003/08

GO6N-020/00

G16H-050/20

GO6N-003/045

GO06T-2207/20081

GO06T-2207/20084

All CPC codes

GO06T-007/00/12

G16H-030/40

G16H-050/70

GO06V-010/82

1st priority year
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3.3.3 TECHNOLOGICAL DOM&AIN

International Patent Classification (IPC) codes can also be used to identify the technical domains of
the Al patent landscapesincelPC codeare grouped irto 35 technology fields. The analysis helps to
visualise the diversity of the patent landscape and identify the main applicationsTfeAhain areas

for the application of Al technologies are in medical technology, measuent, transport and
electrical machirery.

Patent families by Technology domain

COMPUTER TECHNOLOGY

MEDICAL TECHNOLOGY
MEASUREMENT

TRANSPORT

ELECTRICAL MACHINERY, APPARATUS, ENERGY
TELECOMMUNICATIONS

OTHER SPECIAL MACHINES
AUDIO-VISUAL TECHNOLOGY

OPTICS

DIGITAL COMMUNICATION

ANALYSIS OF BIOLOGICAL MATERIALS
CIVIL ENGINEERING

Technology domain

BIOTECHNOLOGY

SEMICONDUCTORS

OTHER CONSUMER GOODS

CHEMICAL ENGINEERING

THERMAL PROCESSES AND APPARATUS
ENGINES, PUMPS, TURBINES
ENVIRONMENTAL TECHNOLOGY
PHARMACEUTICALS

0 10000 20000 30000 40000 50000

Count of patent families
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3.3.4 CLASSIFICATION ANALYSIS

The main areas of Al innovation across the patent landscape relata¢bine learning (GO6N20/00),
neural network learning methods (GO6N3/08), image analysis (GO6T7/00), and methods for
recognizing patterns (GO6K9/08)owever, a number dhl systemappear to have emerged in specific
areas of theSTEMpatent 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 yeark can be observed that machine learning systems and neural networks
ranked the highest across theey STEM research ared®wever image analysis patent filings are
more concentrated in the medical technology segment of the patent landscape, bibitdormatic

ICT systemare more represented ibiotechnology & chemistry and medicine & pharmaceuticals

Main IPC Classifications

. 1400

§ 1200

< 1000

= 800

5

F 600

€ 400

e

g 200 I

Biotechnology & Medicine & Medical Technology Engineering & Transport
Chemistry Pharmaceutical

STEM Research Area

GO06N20/00 - Machine learning
GO6N3/08 - Neural network learning methods
GO6N3/04 - Neural networks architecture
B GO06T7/00 - Image analysis
m GO6K9/00 - Methods or arrangements for recognising patterns
m G16B20/00 - ICT adapted for functional genomics or proteomics
m G16B30/00 - ICT adapted for sequence analysis
G16B5/00 - ICT specially adapted for modelling or simulations in systems biology
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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 progi@mtrolled manipulators and Al
controlled vehicles were the main areas driving inndsatin the engineering & transport sectors.
Interestingly,n biotechnology & chemistrsupervised data analysis was the main area of fostich

appears to be primarily usefibr biostatistics and bioinformatieselated machine learning or data
mining. Ths area also appears to score highly in thedicine & pharmaceuticalegment, however

ICT systems adapted for health risk assessment scored higher, along with comipgetbdiagnostics.

IPC Classification Analysis

1400
> 1200
‘o
© 1000
O
>
> 800
1S
$ 600
5
w400
o

200 I
Biotechnology & Medicine & Medical Technology Engineering & Transport
Chemistry Pharmaceutical

STEM Research Area

B25J9/16 - Programme-controlled manipulators
m G05D1/00 - Control of position, course or altitude of land, water, air, or space vehicles, e.g. automatic pild
C12Q1/6886 - Measuring or testing processes involving nucleic acids for cancer
H G16B40/20 - Supervised data analysis
m G16H10/60 - ICT specially adapted for the handling or processing for patient-specific data,
G16H50/20 - ICT for computer-aided diagnosis
m G16H50/30 - ICT for individual health risk assessment
G16H50/70 - ICT for mining of medical data
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A more indepth analysis of top CPC classifications reveals additional information regarding top Al
systemsacross theéSTEM researcéreas. It can be seen that combinatiarfaneural 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 teoblogy. 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.

CPC Classification Analysis
700
600
500
400
300

200
“ 0l | I
0 .- I I ==

Biotechnology & Medicine & Medical Technology Engineering & Transport
Chemistry Pharmaceutical

STEM Research Area

Patent Family Velocity

o

G06T2207/20084 - Image analysis using artificial neural networks
B GO6N3/045 - Combinations of neural networks

G06V10/82 - Arrangements for image or video analysis using neural networks
B GO6N3/084 - Neural network learning methods using backpropagation, e.g. using gradient descen
B GO6N3/044 - Recurrent Neural networks, e.g. Hopfield networks

GO6N7/01 - Probabilistic graphical models, e.g. probabilistic networks

41| Page



3.4 KEY Al PATENNANDSCAPE CONCEPTS

The following figure illustrates the distribution of the main concepts acros#\thmatentlandscape,
which provides additional depth to key research areas identified from classification anblysigl
networks and machine learning modekre key concepts within the Al patent landscapéth a
significant focus on the hidden legs which form neural networks. It can also be observed that a
smaller number of patent filingsre directed towardssupervised learning, natural language
processing and genetidgorithms.

Technologies & applications

CURRENT -
RE}:}EURM WPU I
wework  VECTop

ADAM
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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 strateégythe overall Al patent landscape, in order to
provide a benchmark for comparirgd applicatiosin each scientific fieldihe high number of granted
patent familiesand lowproportion of lapsedpatent familiesimpliesthere issignificantcommercial
interestin Al. The higler number ofpending patent applicationalso shows thatlespite thegreat
interest, Alremainsa fast-growingareawith significant space for innovatio

Legal status

Lapsed, 6.09% —

Granted, 41.33%

Pending, 50.11%

© Questel 2023

43| Page



3.6 TOP ASSIGNEBSERALL

The following section of the report highlights the t8p assignees for the number of patents relating

to Al within theoverallscientific 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 aalp tb gauge the commercial
interest and maturity of key areas identifie@ommercial organisationmake up most of the top
assignees thereby indicating the significant commercial interest in Al. Considering the global
geographic distribution of patentliings, it is no surpris¢éo see major international corporations

dominate.

Top Assignees

1400
1300 -4
1200 4
1100 4
1000
S00

700 4
00 4

400 4
300 4

INPADOC famil y court
8

100 4
o<

W 1. SIEMENS
AKTIENGESELLSCHAFT(1397)

W 2. INTERNATIONAL BUSINESS
MACHINES CORP(1191)

3. SAMSUNG ELECTRONICS
CO LTD{976)

¥ 4 KONINKLIJKE PHILIPS
N.V.(961)

W 5. LG ELECTRONICS INC.(886)

B 6. BOSCH (ROBERT)
GMEBH(866)

Ultimate Parent

7. ALPHABET INC.(824)
8. TOYOTA MOTOR CORP{693)

9. GENERAL ELECTRIC
COMPANY(629)

10. CANON INC(599)
11. UNIV CHANDIGARH(S5T)

12. MITSUBISHI ELECTRIC
CORP{542)

13. INTEL
CORPORATION(484)

14. HITACHI LTD{482)

15. FUJIFILM BUSINESS
INNOVATION CO. (FORMERLY
FUJI FILM HOLDINGS C(466)

16. PORSCHE AUTOMOBIL
HOLDING SE(431)

17. SONY CORP{428)
18. UNIV JAIN(424)
19. NEC CORP(394)

20. HUAWEI TECHNOLOGIES
COMPANY LTD. (OWNED BY
HUAWEI
INVESTMENT/HO(387)
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Assignee/Applicant Document Organisation Country

Count Type

1 SIEMENS AKTIENGESELLSCHAFT 1397 Commercial Germany
2 INTERNATIONAL BUSINESS MACHINES 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 CANONINC 599 Commercial Japan
11 UNIV CHANDIGARH 557 Academic India

12  MITSUBISHI ELECTRIC CORP 542 Commercial Japan
13 INTEL CORPORATION 484 Commercial US

14  HITACHILTD 482 Commercial Japan
15 FUJIFILM BUSINESS INNOVATION CO 466 Commercial Japan

16 PORSCHE AUTOMOBIOLK®/AGEN 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 L 387 Commercial China
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GREAT BRITAIN

The top patent filing UK organisations include:

INPFADOC famil y court

Top Assignees (GB)

g
&
ﬂkw‘-

L UNIVERSITY OF
OXFORD{49)

2. ALPHABET INC.(45)
3. IMPERIAL COLLEGE(22)
4. DYSON LIMITED{(16)

5. CAMBRIDGE
UNIVERSITY(15)

6. BRITISH AMERICAN
TOBACCO PLC(15)

7. BABYLON PARTNERS
LTD{15)

) b,
% %

Publcation Year

B.BP PLC.(12)

9. APTIV PLC (FORMER
DELPHI AUTOMOTIVE
PLC)(12)

10. BAE SYSTEMS PLC.(10)

11. ROLLS ROYCE HOLDINGS
PLC(10)

12. OPTELLUM LTD{9)

13. IESO DIGITAL HEALTH
LTD{9)

Source: Clarivate via Derwent Innovation

Assignee/Applicant

14. BENEVOLENTAI
TECHNOLOGY LTD{3)

15. WHEELRIGHT LTD(9)
16. MIRADA MEDICAL LTD{T)

17. UNIVERSITY OF
BIRMINGHAM(6)

18. UNIV DUBLIN
TECHNOLOGICAL(6)

19. BIOS HEALTH LTD(6)

20. KHEIRON MEDICAL
TECHNOLOGIES LTD{6)

Document Organisation Country

Count Type
1 UNIVERSITY OXFORD 49 Academic GB
2 ALPHABET INOEEPMIND 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 BABYLORARTNERS 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 OPTELLUMLTD 9 Commercial GB
13 IESO DIGITAL HEALTH LTD 9 Commercial GB
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Assignee/Applicant Document Organisation

Count 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 L™ 6 Commercial GB

3.6.1 FILING TRENDMIONGST TOP ASSIGNEES

It can also be useful to analyse the annual patent filing tramibng thetop assignees, in order to
understand the level of interest of key playeitrelated patent portfoliosheld by thetop 20

assigneesll experienced growttover the last 10 years. Please note, 2@0R3 data given in the
graph will not be complete, due to the 48onth delay between priority application and publication.

Top Assignee Trends
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B 9. GENERAL ELECTRIC
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4. KONINKLLIKE PHILIPS 1L TRV CHANINGARNSS/)

N.V.(961) 12. MITSUBISHI ELECTRIC
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13. INTEL
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Source: Clarivate via Derwent Innovation
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3.6.2 TECHNOLQGALFOCUS

The patents filed by the top assignees acrosdehdinglPCclasdiications canprovidefurther insights
regarding thér key area®f interest withinthe patent landscapé€lhe patent portfolio held by Siemens
is the most diverse,and dominates areas relating to image analy@&06T7/00& G06K9/62)and
pattern recognition (GO6K9/62)Siemens also leada the patenting ofneural network learning
methods (GO6N3/08)however this area is more competetive, with significant actieigo from
SamsungAlphabet andLG Electronic€One area which Siemens does not appear to domiratie
machine learning (GO6N20/00), which is led by IBM.

Top Assignee Technology Trends
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ALPHABET
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MITSUBISHI ELECTRIC
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3.6.3 PATENPORTFOLISTRENGTH

¢tKS &ad0NBy3aGK 2F +Fy [aardysSsSQa LI GSyd LRNIF2fAz2

forward citations (vertical axis) relative to the average age of the portfolio (horizontal Exig)ard
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 furtheio tthe 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 Beneral Electriestablished an early
footing in the field ofAl. However the analysis indicates tha&lphabet, Siemens, IBM, Samsungl
Intel are the most influentiaplayers inarea

Assignee Patent Strength
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3.6.4 PATENPORTFOLIO VALUE

The integration of complex patent data with economic indicators a@ianhighlightthe valueof the
patents of thekey players in AGcores are based updhe geographical distribution of granted and
pending patent familiessingthe GDP of the territories targeted by each patent portfolio. The number
of non-self forward citatios (technological impagtof each patent portfolids alsocombinedalong
with the remaining life of each patent portfolto provide aheadlinemetric of the portfolio valueof

each assignee.

Aglobal analysis of the top 10 parent organisatisnggestshe Al patent portfolios held bgiemens,
IBM, and Samsungre the most valuableacrossthe scientific and engineeringefids All top 10
companiesare likely to be targeting similar high GBRrkets,and since Al is ieelatively young field,
most of the patent portfolioswill hawe asignificantamount of termremaining Therefore the patent
portfolios held by Siemens, IBM, and Samsarglikely to benore valuable deto a high number of
non-self patent citationsand a greateimpact in theAlfield.

Total Portfolio Value Index Score

LG ELECTRONICS 1306.48
MITSUBISHI ELECTRIC
FUJIFILM

VOLKSWAGEN

1316.47

INTEL

SONY GROUP

NEC
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HUAWEI INVESTMENT & HOLDING

ALPHABET 1984.02
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CHANDIGARH UNIVERSITY
HITACHI
1BM 2778.05
PHILIPS 1186.26
ROBERT BOSCH STIFTUNG 1061.18
SAMSUNG ELECTRONICS 2071.17
3102.98

SIEMENS

TOYOTA MOTOR 1556.9
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4 MEDICNE& PHARMACEUTICAL PATENT LANDSCAPE

Thekey search terms and classification codedlined in Sectiorl.1 were usedo understand how
Al istransforming researcin the pharmaceutical industry

4.1 FILING RATE

Patent filing trendanalysis ingtates significantgrowth in the application ofAl technologies for
medicinal preparations and pharmaceutical$e last five years account for approxima&2yo of the
total patent landscape. Please note, 262023 data given in the graph will not be complete, due to
the 18month delay between priority application and publication.

Patent Filing Trend
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4.1.1 GLOBAIGRANT SUCCESS

In addition to the filing trendsye can look at thgproportion of granted patents compared to patent
applicationsto assess the maturity ancbmpetitionin the sector The following graph compares the
legal status of patent families picked up by the search strategy.

Altechnologiedor use inthe pharmaceutical industrigs arelativelynew developmentasevidenced
by the low number of expired patengnd ahigh proportion of pending patent applicatioriEhe high
number of granted patent families and low proportion of lapsed patent famiils® suggests a
significant commercial interest in Aithin the pharmaceutical sector

Legal status

Expired, 2.5% -

- . (0
Lapsed, 8.8% Revoked, 1.0%

Granted, 31.19% - - Pending, 56.6%
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4.2 CLASSIFICATIONS

|4.2.1 IPC CLASSIFICATIONS

The top Al IPCs relate tmage analysis (GO6T7/0Q)achine learning (GO6N20/003nd neural
network learning methods (GO6N3/Q8s well as methods or arrangements for recognising patterns
(GO6K9/00)Analysis otlassificatiorcodes revealghat Al technology is most frequently applied to
measuring for diagnostic purposes (A61B5/0@)easuring processes involving nucleic acids
(C12Q1/68), andomputeraided diagnosis (G16H50/20)he significant interesn Al fordiagnostic
technologyin the pharmaceutical industris expected,as the advent ofpharmacog@nomicshas
improved ourunderstanding oflisease risk and pathologwhich has facilitated thelevelopment of
precision medicin@ndimprovedtreatments.

Top IPC Classifications

00~ 692
850
200
557

579

g 4504 424
400 4 379
E 350 = ) 312
g = 256
CE
§ =
180
504
IPC -Current
1. AG1B 5/00(692) B 5. GOGN 20/00(383) 9. GOIN 33/50(312)
2. GOST 7/00(579) 6. GOGN 3/08(379) 10. C12Q 1/6886(256)
3. C12Q 1/68(424) 7. GO6K 9/62(259)
B 4. GI6H 50/20{417) B 8. GOGK 9/00(243)
Source: Clarivate via Derwent Innovation
Rank IPC Number of Definition
Families
1 A61B5/00 692 A61B5/00 Measuring for diagnostic purposes; Identification of persor
2 G06T7/00 579 G06T7/00 Image analysis
3 C12Q1/68 424 C12Q1/00 Measuring or testing processes involving enzymes, nu
acids or microorganisms; Compositiagherefor; Processes 0
preparing such compositions
C12Q1/68 involving nucleic acids
4 G16H50/20 417 G16H50/00 ICT specially adapted for medical diagnosis, meq
simulation or medical data mining; ICT specially adapted
detecting, monitoring omodelling epidemics or pandemics
G16H50/20 for computeraided diagnosis, e.g. based on medical exy
systems
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Rank IPC Number of Definition

Families
5 GO06N20/00 383 GO06N20/00  Machine learning
6 GO6N3/08 379 GO6N3/00 Computing arrangements based on biological models

GO6N3/02 Neuralnetworks

GO6N3/08 Learning methods

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

G06K9/62 Methods or arrangements for pattern recognition usi
electronic means

GO06K9/00 343 G06K9/00 Methods or arrangements faecognising patterns

9 GO1N33/50 312 GO1IN33/00 Investigating or analysing materials by specific methods
covered by groups GO1N1/6@01N31/00

GO1N33/48 Biological material, e.g. blood, urine

GO1N33/50 Chemical analysis of biological material, e.g. blood, ur
Testing involving biospecific ligand binding metho
Immunological testing

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

C12Q1/68 involving nucleic acids

C12Q1/6876 Nucleic acid products used in the analysis of nucleic acids
primers or probes

C12Q1/6883 for diseases caused by alterations of genetic material

C12Q1/6886 for cancer

[ee]

Acloserlook at theevolvingdfiling trendsrevealsmost patentswerefiled from 2018. Machine learning
(GO6N20/00) and neural network learning methods (GO6N3/08) have emerged as tluotmoant
Al systemswith a significant increase in patent filinggmage analysis (GO6T7/0&3 well
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Top IPC Classification Trends

A61B-005/00

GO06T-007/00

G16H-050/20

GO6N-020/00

GO6K-009/62

GO6N-003/08

All IPC codes

GO6K-009/00

C12Q-001/68

GO1N-033/50

C12Q-001/6886

1st priority year
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|4.2.2 CPC CLASSIFICATIONS

Ananalysis ofhe top CPC classificatiopsints tocomputeraided diagnosis based on medical expert
systems(G16H50/20rs themost frequentlyused CPC classificatiofhe classifications ahachine
learning (GO6N20/00) and learning methods for neural networks (GO6Nafe8ilso highly ranked
Interestingly the patent landscape analysis suggests #uéficial neural networks (G06T2207/20084)
are most frequently used forimage analysis, while supervised data analysiengloyed for
bioinformaticsrelated machindearning or data miningG16B40/2( patents Patents that fall under
the classification ofiealth risk assessment (G16H50/30¢ also prominent Technologies for eural
networks employed in themedical treatment andpharmaceutical industes often comprise of
combinations of network$GO6N3/045)

Top CPC Classifications

962

INPADOC Tamily court

CPC-Current
B 1. G16H 50/20{962) B 5. G16B 40/20(534) B 9. GOGN 3/045(461)
2. GOSN 20/00{652) 6. GO6T 2207/20084(479) 10. G16H 50/30(426)
W 3. GO6N 3/08(57T) B 7.GO06T 2207/20081(475)
B 4. GOST T/0012(549) B B G168 40/00{467)

Source: Clarivate via Derwent Innovation
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Rank CPC Number = Definition
of
Families
1 G16H50/20 962 G16H50/00 ICT specially adapted for mediq
diagnosis, medical simulation or medig
data mining; ICTspecially adapted fo
detecting, monitoring or modelling
epidemics or pandemics
G16H50/20  for computeraided diagnosis, e.g. base
on medical expert systems
2 GO6N20/00 652 GO6N20/00 Machine learning
3 GO6N3/08 577 GO6N3/00 Computing arrangements based o
biological models
GO6N3/02 Neural networks
GO6N3/08 Learning methods
4 G06T7/0012 549 G06T7/00 Image analysis
GO06T7/0002 Inspection of images, e.g. flaw detectior|
GO06T7/0012 Biomedical image inspection
5 G16B40/20 534 G16B40/00 ICT specially adapted for biostatistics;
specially adapted for bioinformaties
related machine learning or data minin
e.g. knowledge discovery or patte
finding
G16B40/20 Supervised data analysis
6 | G06T2207/20084 479 G06T2207/00 Indexing scheme for image analysis
image enhancement
G06T2207/20 Special algorithmic details
G06T2207/20084 Artificial neural networks [ANN]
7 | G06T2207/2008] 475 G06T2207/00 Indexing scheme for image analysis
image enhancement
G06T2207/20 Speciahlgorithmic details
G06T2207/20081 Training; Learning
8 G16B40/00 467 G16B40/00 ICT specially adapted for biostatistics;
specially adapted for bioinformaties
related machine learning or data minin
e.g. knowledge discovery or patte
finding
9 GO6N3/045 461 GO6N3/00 Computing arrangements based (
biological models
GO6N3/02 Neural networks
GO6N3/04 Architecture, e.g. interconnectio
topology
GO6N3/045 Combinations of networks
10 G16H50/30 426 G16H50/00 ICT specially adapted for mediq
diagnosis, medical simulation or medig
data mining; ICT specially adapted
detecting, monitoring or modelling
epidemics or pandemics
G16H50/30 for calculating health indices; fq
individual health risk assessment
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The CPC classification trend analygsiafirmsthe previously identified IPC trends, which shthe
recent emergence ofkey areasWhile computeraided diagnosis based on medical expert systems
(G16H50/20yepresens the leading area of innovatiosince 2016the graphicbelow indicatesthat
since 2020there isa growing interest in learning methods for neural networks (GO6N3/G8)er
machine learning (GO6N20/00Yeural networks having combinations of networks (GO6N3/G45)
appear to beemerging ashe leading type oheuralnetwork.

Top CPC Classifications

G16H-050/20

GO6N-003/08

GO6N-020/00

G16B-040/20

GO06T-007/00/12

All CPC codes

G16B-040/00

G06T-2207/20081

G06T-2207/20084

GO6N-003/045

G16H-050/30

1st priority year

© Questel 2023

58| Page



4.2.3 SUBTECHNCALDOMAINS

Subtechnical domains are based on IPC codes, which have been grouped into i&thsudlogy
fields.An analysiprovides further information on thapplications of Al within the medical treatment
and pharmaceutical industriedost of the innovation relate to the computersystems themselves,
diagnosis, surgical and therapeutic equipmeas well aspharmaceuticalsenzymes and micro
organisms.

SubTechnical Domain Analysis

Optics - Changing direction or wavelength of Iig
I KSYAOFt Sy3aAySSNAy3 [/ KSYAOLt LINROSaas o02AftAy3
5AIAGEHE O2YYdzyAOF GA2Y] m ¢N}yaYA&aaAzy 2F RAIAGE S
Biotechnology - Peptides]]
Measurement - Physical, spacial, thermal propertiE’

Pharmaceuticals - Preparations for medical & denfal ]

lylrtfeara 2F oA2t23A0rt [YFEGOGSNAFfE] m / KSYAOIf 2NJ LKe

Biotechnology - Enzymes, micro-organisms |

aSRAOIf (SOKy2f23e nn 5AFIYy2aAas a@z:NASNEBEI RSydGAadN

Computer technology - Computer systems |

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Count of patent families
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4.3 LANDSCAPE CONCEPTS

The following figure illustrates the distribution of the main concepts across the Al patent landecape
the pharmaceuticahdustry, highlighting the importance ahachine learning modelandpatientand
genotype data Image analysis blood glucosedata, as well as tumour biomarkefer screening,
diagnosisand prognosisire all prominent concepts within the pharmaceutical Al patent landscape

Technologies & applications

IMAGING

© Questel 2023
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4.4 TOP ASSIGNEES

The top 20 assignees for the number of patenfded to Albased technologiegelevant to
pharmaceuticatesearchare presented in the following figure:

INPADOC family count

I

Top Assignees

L ILLUMINA INC.{115)

2. UNIVERSITY OF
CALIFORNIA(106)

3. ROCHE HOLDING LTD.(94)

4. INTERNATIONAL BUSINESS
MACHINES CORP(86)

5. TATA SONS LTD(81)

Ultimate Parent

8. SIEMENS
AKTIENGESELLSCHAFT(57)

9. FUJIFILM BUSINESS
INNOVATION CO. (FORMERLY
FUJI FILM HOLDINGS C(55)

10. ALPHABET INC.(51)
11. SAMSUNG ELECTRONICS

15. MEDTRONIC INC(38)
16. HARVARD UNIVERSITY(38)

17. MASSACHUSETTS
INSTITUTE OF
TECHNOLOGY(36)

18. KOREA ADVANCED
INSTITUTE FOR SCIENCE AND

CO LTD(49) TECHNOLOGY(35)
6. KONINKLIJKE PHILIPS 12. STANFORD 19. CASE WESTERN RESERVE
NX.(70) UNIVERSITY(49) UNIVERSITY(34)
7. GENESIS HEALTHCARE 13. UNIV CHANDIGARH(43) B 20. CHINESE ACADEMY OF
Co(63)
14. TENCENT HOLDING SCIENCE(33)
LTD(43)
Source: Clarivate via Derwent Innovation
A gnee/Applica Do e Orga atio 0
Q . -
1 ILLUMINA INC. 115 Commercial US
2 UNIVERSITY GRLIFORNIA 106 Academic us
3 ROCHE HOLDING LTD. 94 Commercial Switzerland
4 INTERNATIONAL BUSINESS MACHINES C( 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 Organisation Country
Count Type
14 UNIV CHANDIGARH 43 Academic India
15 MEDTRONIC INC 38 Commercial US
16 MASSACHUSETTS INSTITUTE OF TECHNC 36 Academic us
17 HARVARD UNIVERSITY 36 Academic us
18 KOREA ADVANCED INSTITUTE FOR SCIEI 35 Academic Korea
TECHNOLOGY
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:
Top Assignees (GB)
g
” - “ b Earl-:;tPnnm) Year N
L UNIVEI?’SI'.I'Y OF 7. IMPERIAL COLLEGE(15) 14. CONGENICA LTDNS)
e
5 ALPH‘;BE; NC(22) i:::::;s;:c :[:-:a:- I;D:n MINISTRY OF
LSJ'N;ZEE:;;M oy ABORATORES T ———
— AN PO —
TECHNOLOGY LTD(1T) :;CL;:I;L%UGEISIC.;NLSI B 20. DYSIS MEDICAL LTD{2)
Source: Clarivate via Derwent Innovation
A agnee/App Do e Orga O
Q . . -
1 UNIVERSITY OF LONDON 35 Academic GB
2 UNIVERSITY OF OXFORD 22 Academic GB
3 ALPHABET INOEEPMIND 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 LTI 12 Commercial GB
9 GENOMICS PLC 11 Commercial GB
10 GENOME RESLTD 8 Commercial GB
11 RANDOX LABORATORIES LTD 7 Commercial GB
12 GSK 5 Commercial GB
13  UNIV DUBLIN TECHNOLOGICAL 5 Academic GB
14 CONGENICALTD 5 Commercial GB
15 PETAGENE LTD 4 Commercial GB
16 OXFORD BIODYNAMICS LTD 4 Commercial GB
17  UKMINISTRY OF DEFENCE 3 Commercial GB
18  NATIONAL UNIVERSITY OF IRELAND 3 Academic GB
19 EXSCIENTIALTD 3 Commercial GB
20 DYSIS MEDICAL LTD 2 Commercial GB
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4.4.1 FILING TRENDS

Of the top assigneedlluminafiled the most patents in 201&fter which thegrowth in ther patent
portfolio appears to have slowed dowithis trendis also seen itsiemensPhilips, Alphabetand
Fujifilm In contrast the patent portfolios held by RochgUniversity ofCalifornia,and IBMhaveall
experienced continued growthinterestingly the patent filing rates of Genesis Healthcare arithta
Sonsspikedsignificantlyin 2019 and 2020The analysis of patent filing trends shows thbhetween
2016 and 201%here was more interest inmage andnucleic acid analysjsvhich has been replaced
by more interest in developing Albased platformshat leverage pharmacogenomic data and clinical
trial datasets to enrich the portfolio of candidate drug responb@émarkers.Please note, 2022023
data given in the graph will not be complete, due to thei8nth delay between priority application

and publication.

Top Assignee Trends

YRR E
il

INPADOCfamily court

ik 3

L ILLUMINA INC.(115)

2. UNIVERSITY OF
CALIFORNIA(106)

3. ROCHE HOLDING LTD.(94)

4. INTERNATIONAL BUSINESS
MACHINES CORP(86)

5. TATA SONS LTD(81)

6. KONINKLIJKE PHILIPS
N.V.(70)
7. GENESIS HEALTHCARE
Co(63)

¥, %, %,

%

Earliest Priority Year

8. SIEMENS
AKTIENGESELLSCHAFT(57)

9. FUJIFILM BUSINESS
INNOVATION CO. (FORMERLY
FUJI FILM HOLDINGS C(55)

10. ALPHABET INC.(51)
11. SAMSUNG ELECTRONICS
CO LTD{49)

12. STANFORD
UNIVERSITY(49)

13. TENCENT HOLDING
LTD(43)

14. UNIV CHANDIGARH(43)

Source: Clarivate via Derwent Innovation

%

15. MEDTRONIC INC(38)

16. MASSACHUSETTS
INSTITUTE OF
TECHNOLOGY(36)

17. HARVARD UNIVERSITY(36)
18. KOREA ADVANCED
INSTITUTE FOR SCIENCE AND
TECHNOLOGY(35)

19. CASE WESTERN RESERVE
UNIVERSITY(34)

20. CHINESE ACADEMY OF
SCIENCE(33)
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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 partfudio

follows a similar patent filingatternto a lesser extentWhile lllumina alsappears tchave 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 inthis area Alphabet and IBM also have significant interegpatents topattern recognition
systems, however the portfolios of teetwo technology companies are much more diversified.

The patent portfolio held by the University of California exhilaitfocusin nucleic acid analysis
(C12Q1/68). In contrast, Genesis Healthcare appear to dominate the area of the patent landscape
relating to analysis of biological material (GO1N33/50), with pafiings exclusively in this area.

Pattern recognition systemdor imagng and genome dataare important applications of Alwithin
the pharmaceutical field

Top Assignee Technology Trends

UNIVERSITY OF CALIFORNIA
ROCHE HOLDING
IBM
GENESIS HEALTHCARE SYSTEM PENSION -
SAMSUNG ELECTRONICS
SIEMENS
ILLUMINA
TATA SONS
ALPHABET
PHILIPS (Philips BV)

CHANDIGARH UNIVERSITY

Parent company

STANFORD UNIVERSITY

MEDTRONIC

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

FUJIFILM

CASE WESTERN RESERVE UNIVERSITY

HARVARD UNIVERSITY

KOREA ADVANCED INSTITUTE FOR SCIENCE AND TECHNOLOG...

CHINESE ACADEMY OF SCIENCES

TENCENT HOLDINGS

© S & & ©
o° '\\@ 7 S N
S & @ & § & & O )
ARSI S R I S
¥ e @ & & & & @

All IPC codes
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4.4.3 PATENPORTFOLISTRENGTH

Siemensestablished an early footing in the field wfedical treatment with Harvard University and
MIT being pioneers in the arellost notably Alphabetisthe most influential newcomer.

Assignee Patent Strength

450

400

350 .

300

250

200 ‘
@

Count of non-self forward citations

150

100
50 :
(4]
1 3 4 5
Average age
® GENESIS HEALTHCARE SYSTEM PENSION @ 18M @ ROCHE HOLDING SIEMENS ALPHABET @ UNIVERSITY OF CALIFORNIA
® CASE WESTERN RESERVE UNIVERSITY @ MEDTRONIC @ SAMSUNG ELECTRONICS @ ILLUMINA @ FUJIFILM

KOREA ADVANCED INSTITUTE FOR SCIENCE AND TECHNOLOGY @ PHILIPS (Philips BY) @ HARVARD UNIVERSITY
® TENCENT HOLDINGS @ TATASONS @ MASSACHUSETTS INSTITUTE OF TECHNOLOGY @ CHINESE ACADEMY OF SCIENCES

® STANFORD UNIVERSITY CHANDIGARH UNIVERSITY

© Questel 2023

66| Page



4.4.4 PATENT PORTFOLIO VALUE

Thebasisof patent portfolio value scoresas introduced in Section 4.6.4 of this report. sralysis of
the top 20 parentorganisationssuggests the most valuablsl patent portfoliosare held byRoche,
University of Californiand IBM

Total Portfolio Value Index Score

UNIVERSITY OF CALIFORNIA 183.27

ROCHE HOLDING 186.23
1BM

GENESIS HEALTHCARE SYSTEM PENSION
SAMSUNG ELECTRONICS

SIEMENS

ILLUMINA

TATA SONS

ALPHABET

PHILIPS (Philips BV)

CHANDIGARH UNIVERSITY

Parent company

STANFORD UNIVERSITY

MEDTRONIC

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

FUJIFILM

CASE WESTERN RESERVE UNIVERSITY

HARVARD UNIVERSITY

KOREA ADVANCED INSTITUTE FOR SCIENCE AND TECHNOLOG...

CHINESE ACADEMY OF SCIENCES

TENCENT HOLDINGS

T 1
0 50 100 150 200

Total portfolio value index score
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4.5 LANDSCAPE MAP

We used thdderwentThemescape 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 sdaagareas of interest in the field, represented by the
KAIKSad alLlSKk{ag 2y (GKS YI Lo

Although landscaping is not a precise tool, iisefulto identify clusters ofctivity on the mapwhich
facilitates theanalyss ofboth trends and alsto identify similampatents orpotential competitors. This

can be a way to visualise and start to identify both potential freedom to operate issues around a patent
estateand/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
assigneesas illustrated in Figure helow. The patent landscapemap showsa concentration of
patenting activity in theareas ofresearch thatrelate to genomeanalysisand medical imaging, with
significantactivity in using Al tounderstard disease pathology and protein structure.

Figure 1 legend:
Company Colour
[llumina 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 Altechnologiesin the pharmaceuticalspace(Source: Clarivate via Derwent InnovatiprEach dot indicates the location of an INPADOC patent family on the map.
The map has been overlaid with the key araaderwhich the patents fall on the map.




5 MEDICAL TECHNOLOGY Al PATENT LANDSCAPE

Thekey search terms and classification codes outlined in Settlomere usedunderstand how Al is
transforming medical technology.

5.1 FILING RATE

Within the field ofAl andmedical technologythe last five years account for approximateR#6 of the
total patent landscape. Please note, 262023 data given ithe graph will not be complete, due to
the 18 month delay between priority application and publication.

Patent Filing Trends
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Source: Clarivate via Derwent Innovation
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5.1.1 GLOBAL GRANT SUCCESS

The following graplilustratesthe legal status othe patent families picked up by the search strategy.
The high number of granted patent families and low proportion of lapsed patent fantilies
commercial interest inusingAl within the medical technology spadever half of the patent families

are pending which also suggeststhat this remains fast-growing area with significant space for
innovation.

Legal status

Lapsed, 7.2%

Granted, 36.1%

Pending, 53.5% —
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5.2 CLASSIFICATIONS

|5.2.1 IPC CLASSIFICATIONS

The top Al IPCr medical technologieselate to measuring for diagnostic purposes (A61B5/00)
computeraided diagnosis based on medical expert systems (G16H50/20), and image analysis
(GO6T7/00)Machine learning (GO6N20/00) and neural network learning methods (GO6N&/68)
common Almodelsapplied in this domainwith interest also in systems for recognising patterns
(G0O6K9/62)The topAl IPCs also include patents relatedhealth risk assessment (G16H50/20)d

mining of medical data (G16H50/70).

Top IPC Classifications

6000 -
5500 4
5000 4
45004
& 4000
2 3500
E 000 +
=
S 2004
E 20004
< 1500
1000 4
500 -
e
IPC-Current
B 1. AGLB 5/00(5965) B 5 GOGN 3/08(2235) = 9. GI6H 50/70(1581)
2. G16H 50/20(4274) 6. GLG6H 30/40(1886) 10. GOGK 9/62(1350)
B 3. GO6T 7/00({2993) = 7. GL6H 10/60{1663)
B 4. GOGN 20/00{2380) B 8. G16H 50/20({1610)

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; ldentificati
of persons
2 G16H50/20| 4274 | G16H50/00 ICT specially adapted for medical diagno
medical simulation or medical data mining; |
specially adapted fordetecting, monitoring o
modelling epidemics or pandemics
G16H50/20 for computeraided diagnosis, e.g. based
medical expert systems
3 G06T7/00 2993 | GO6T7/00 Image analysis
4 GO6N20/00| 2380 | GO6N20/00 Machine learning
5 GO6N3/08 2235 | GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/08 Learning methods
6 G16H30/40 1886 G16H30/00 ICT specially adapted for the handling
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
processing of patientelated medical or
healthcare data
G16H10/60 for patientspecific data, e.g. for electronic patie
records
8 G16H50/30 1610 G16H50/00 ICT specially adapted fomedical diagnosis
medical simulation or medical data mining; |
specially adapted for detecting, monitoring
modelling epidemics or pandemics
G16H50/30 for calculating health indices; for individual hea
risk assessment
9 G16H50/70 1581 | G16H50/00 ICT specially adapted for medical diagno
medical simulation or medical data mining; |
specially adapted for detecting, monitoring
modelling epidemics or pandemics
G16H50/70 for mining of medical data, e.g. analysing previq
cases of other patients
10 G06K9/62 1350 | GO6K9/00 Methods or arrangements for recognising patter

GO06K9/62 Methods or arrangements for pattern recognitig
using electronic means
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Most Almedical technologypatent filings were made from2019 onwards with most patent
classificationareas experiencing growttuntil recently,Al applicatios for measuring processes for
diagnostic purposes (A61B5/00) dominated the patent landscape, howitvappears thatAl
technology has improved sufficientlto enable the emergence oftomputeraided diagnosis
(G16H50/20)Patenting irareas relating tdnealth risk assessment (G16H50/30) and mining of medical
data (G16H50/70have also emergedecently in 2Q20. While Al has been heavily used in image
analysis (GO6T7/QGince 2018, Al has started to be increasingly used for the processing of medical
images (G16H30/40)nterestingly, there did not appear to be a significant increase in patent filings
relating to systems for pattern recognition (GO6K9/6&2hichsuggests that Al has evolved to perform
much more complex tasks.

Top IPC Classification Trends

A61B-005/00

G16H-050/20

GO06T-007/00

GO6N-020/00

GO6N-003/08

All IPC codes

GO6K-009/62

G16H-030/40

G16H-010/60

G16H-050/30

G16H-050/70

1st priority year
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5.2.2 CPC CLASSIFICATIONS

The analysis of top CPC classificatiam®wed similar key trends identified by the top IPC
classifications. Additiondley patenting areas of interest includealgorithmic training methods for
image analysis (G06T2207/2008bjomedical image inspection (GO6T7/001&hich encompass
computeraided detection of disease abnormalitjeartificial neural networks for image analysis
(G06T7/0012), and combinations of neural networks (GO6N3/045).

Top CPC Classifications

CPC-Current

¥ 1.GI6H 50/20{6867) B 5. G16H 50/70(3218) W 9. GL6H 50/30(2725)
2. GOGN 20/00{3533) 6. GO6T 2207/20081(2981) 10. GOGN 3/045(2594)

W 3.GOGN 3/08(3423) B 7.GOGT 7/0012(2964)

B 4. GI6H 30/40(3252) W 8. GOGT 2207/20084(2881)

Source: Clarivate via Derwent Innovation
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Rank CPC

G16H50/20

Number

of
Families
6867

Definition

G16H50/00

ICT specially adapted for mediq
diagnosis, medical simulation or medig
data mining; ICT specially adapted f

detecting, monitoring or modelling
epidemics or pandemics

G16H50/20  for computeraided diagnosis, e.g. base
on medical expert systems

2 GO6N20/00 3533 | GO6N20/00 Machine learning

3 GO6N3/08 3423 | GO6N3/00 Computing arrangements based (¢
biological models

GO6N3/02 Neural networks
GO6N3/08 Learning methods

4 G16H30/40 3252 | G16H30/00 ICT specially adapted for the handling

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

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

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

6 | G06T2207/2008] 2981 | G06T2207/00 Indexing scheme for image analysis
image enhancement

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

7 G06T7/0012 2964 | GO6T7/00 Image analysis
GO06T7/0002 Inspection of images, e.g. flaw detectior
G06T7/0012 Biomedical image inspection

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

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

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

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

10 GO6N3/045 2599 | GO6N3/00 Computing arrangements based (
biological models

GO6N3/02 Neural networks

GO6N3/04 Architecture, e.g. interconnectio
topology

GO6N3/045 Combinations of networks
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The CPC classification trend analysis confirms the previously identified IPC trends, which show the
recent emergence ofome specifikkey areasWhile growth was experienced in dhe top CPC
classificationsnventions tocomputer-aided diagnosis based on medical expert systems (G16H50/20)
continuesto be leadingpatenting area Neural networkscomprised ofcombinations of networks
(GO6N3/045) are emergingow as an important type of neural networkSimilarly,patents classed

under atificial neuralnetworks (G06T2207/20084ye emerging as thenaintool for image analysis

with a lot of innovatiorfocused on algorithmictraining methods (G06T2207/20081).

Top CPC Classification Trends

G16H-050/20

GO6N-003/08

GO6N-020/00

G16H-030/40

G16H-050/70

All CPC codes

G06T-007/00/12

G06T-2207/20081

G06T-2207/20084

G16H-050/30

GO6N-003/045

Q'\
Vv

o
o8
,1’0

1st priority year
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5.2.3 SUBTECHNICAL DOMAINS

Further analysis into th&77 subtechnology fieldshowed thatmost innovation appears to relate to
diagnosis, surgery, dentistry, therapy devices, and pharmaceutaradsoverlap between different
fields Patents to neasurement devices and digital communication systafae feature highly

SubTechnical Domain Analysis

Computer technology - Voice recognitiorI]
Audio-visual technology - Television]

Control - Alarm systems, traffic control system§|
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5.3 LANDSCAPE CONCEPTS

Thefollowing figure illustrates thgrouping andlistribution of the main concepts across the Al patent
landscape in the medicéchnologyindustry. Key patent conceptcus ondeep learning systems,
with particular interest irconvolutional neural networkS'here also appears to be significamerest

in unsupervised learning, as well medical imaggand physiologicalmedical and patiendata:

Technologies & applications
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5.4 TOP ASSIGNEES

The top20 assigneesn terms ofnumber of patentsfiled Al related technologiesn the medical
technologyareaare mainlycommercial organisationsand ©nsidering thesignificant growth in the

patent landscapgit is no surprise see major international corporations dominates fhatent

landscape.

Top Assignees

INPADOC

L. KONINKLLIKE PHILIPS
N.V.(892)

2. SIEMENS
AKTIENGESELLSCHAFT(851)

3, INTERNATIONAL BUSINESS
MACHINES CORP(550)

4, GENERAL ELECTRIC
COMPANY(3TT)

B 5. CANON INC(340)
B 6. FUJIFILM BUSINESS

INNOVATION CO. (FORMERLY
FUJI FILM HOLDINGS C(327)

Ultimate Parent

T. PING AN INSURANCE
(GROUP) COMPANY OF
CHINA(285)

B. SAMSUNG ELECTRONICS
COLTD(262)

M 9. UNIV CHANDIGARH(221)
W 10. ALPHABET INC.(224)

11. YONSEI UNIVERSITY(204)
12. MEDTRONIC INC(202)
13. KOREA UNIVERSITY(17T)

Source: Clarivate via Derwent Innovation

14. JOHNSON &
JOHNSON(174)

15. TENCENT HOLDING
LTD(173)

M 16. TATA SONS LTD{163)

17. UNIVERSITY OF
CALIFORNIA(158)

18. UNIV JAIN(154)

19. SEQUL NATIONAL
UNIVERSITY(149)

20, MERATIVE US LP{13T)
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Assignee/Applicant

Document Organisation

Count

Type

Country

1 KONINKLIJKE PHILIPS N.V. 892 Commercial Netherlands
2 SIEMENS AKTIENGESELLSCHAFT 851 Commercial Germany
3 INTERNATIONAL BUSINESSHINES COF 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 COLTD 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 TATASONSLTD 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 USLP 137 Commercial US
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GREAT BRITAIN

The top patent filindJKorganisations include:

INPADOC famil y court

Top Assignees (GB)

s

&
&
&

1. UNIVERSITY OF
OXFORD(32)

2. UNIVERSITY OF
LONDON(23)

3. BABYLON PARTNERS
LTD(14)

4. IMPERIAL COLLEGE(10)
5. OPTELLUM LTD(9)

6. IESO DIGITAL HEALTH
ao(9)

3 b,
% ?

Earliest Priority Year

7. DYSON LIMITED(8)

B 8. ALPHABET INC.(7)

9. MIRADA MEDICAL LTD(7)

10. BENEVOLENTAI
TECHNOLOGY LTD(7)

11. BIOS HEALTH LTD(6)

B 12. KHEIRON MEDICAL
TECHNOLOGIES LTD(6)
13. CAMBRIDGE
UNIVERSITY(6)

Source: Clarivate via Derwent Innovation

Assignee/Applicant

Y,
«

Q\C‘
\

14. UNIV DUBLIN
TECHNOLOGICAL(4)

15. CMR SURGICAL LTD(4)

16. CAMBRIDGE HEARTWEAR
an(3)

B 17. ADAPTIX LTD(3)

Document

Count

18. RANDOX LABORATORIES
an(2)

19. ZEDSEN LTD{2)

20. DYSIS MEDICAL LTD(2)

Type

Organisation

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 INOEEPMIND TECH LTD) 7 Commercial GB
9 MIRADAMEDICAL LTD 7 Commercial GB
10 BENEVOLENTAI TECHNOLOGY LTD 7 Academic GB
11 BIOS HEALTH LTD 6 Commercial GB
12 KHEIRON MEDICAL TECHNOLOGIES L™ 6 Commercial GB
13 CAMBRIDGE UNIVERSITY 6 Academic GB
14  UNIV DUBLIN TECHNOLOGICAL 4 Academic GB
15 CMRSURGICAL 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 ZEDSENLTD 2 Commercial GB
20 DYSIS MEDICAL LTD 2 Commercial GB
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5.4.1 FILING TRENDS

Companies such aPhilips and Siemenisave increase the number of patentsfiled in this field
significantly Siemens led the fieltbetween 2015 and 201Before Philips emerged athe leading
assignean 2018 In 2018, the number giatents held byFujifimthat yearovertookits competitors,
such agCanon but has since beeiollowed by a period oflower growth Again,2021-2023 data will

not be complete, due to the thonth delay between priority application and publication.

Top Assignee Trends
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Earliest Priority Year

L. KONINKLIJKE PHILIPS
N.V.(892)

2, SIEMENS
AKTIENGESELLSCHAFT(851)

3. INTERNATIONAL BUSINESS
MACHINES CORP(550)

4. GENERAL ELECTRIC
COMPANY(37T)

B 5. CANON INC(340)
B G FUJIFILM BUSINESS

INNOVATION CO. (FORMERLY
FUJI FILM HOLDINGS C(327)

7. PING AN INSURANCE
(GROUP) COMPANY OF
CHINA(285)

8. SAMSUNG ELECTRONICS
€O LTD(262)

9. UNIV CHANDIGARH(231)
10. ALPHABET INC.(224)

11. YONSEI UNIVERSITY(204)
12. MEDTRONIC INC(202)
12. KOREA UNIVERSITY({LTT)

Source: Clarivate via Derwelninovation

14, JOHNSON &
JOHNSON(174)

15. TENCENT HOLDING
LTD{173)

16. TATA SONS LTD{163)

17. UNIVERSITY OF
CALIFORMIA(158)

18. UNIV JAIN(154)

19. SEOUL NATIONAL
UNIVERSITY(149)

20. MERATIVE US LP{137)
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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 developmenfiemenslominates most key areaand has a greateiocus onthe

image analysis sect¢&06T/00), but hassignificant competitionn this technology aretom Philips

Fujfilm and CanonWhile most healthcare technology companies are heavily invested in image
analysisand machine learning, Samsuig more focused onmeasuring systems fodiagnostic
processes (A61B5/00\hich also appears to be the focus of the University of Chandigarh. In contrast
IBMdominates the area of the patent landscafeeusing on usingatient-specific data (G16H10/60)

Top Assignee Technology Trends

SIEMENS -

PHILIPS (Philips BV)

IBM

GENERAL ELECTRIC COMPANY
CANON (Canon, Inc.)
FUJIFILM

SAMSUNG ELECTRONICS

CHANDIGARH UNIVERSITY

E MEDTRONIC
E MERATIVE
% ALPHABET
5 YONSEI UNIVERSITY

PING AN INSURANCE
KOREA UNIVERSITY
JOHNSON & JOHNSON
JAIN TECHNOLOGY
UNIVERSITY OF CALIFORNIA (University of California...
SEOUL NATIONAL UNIVERSITY
TATA SONS PVT (Tata Sons Pvt Ltd.)
TENCENT HOLDINGS
Qﬁg\& &\*’Q Dﬁg\“’Q Dc,g\“Q

S
& Nl A g = ¥ N Ny S Ny
¥ o8 S o o S8

S © & ® &
S & P ¢
S & &

All IPC codes
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5.4.3 PATENPORTFOLISGTRENGTH

Canonestablished an early footing in the field pdtenting Al relatednedicaltechnology with IBM
Fujifilm, Samsung, and University of Chandigdsb being well established in the ar&emesis the
most influentialplayer, while Alphabetis quickly becoming an important player.

5,500

5,000

4,500

4,000

3,500

3,000

2,500

2,000

Count of non-self forward citations

1,500

1,000

500

Top Assignee Patent Strength

Average age

® SIEMENS @ 1BM @ GENERAL ELECTRIC COMPANY @ MERATIVE @ YONSEI UNIVERSITY
FUJIFILM @ PHILIPS (Philips BY) @ CANON (Canon, Inc.) @ SAMSUNG ELECTRONICS
ALPHABET @ KOREA UNIVERSITY SEQUL NATIONAL UNIVERSITY MEDTRONIC

® JOHNSON & JOHNSON @ TENCENT HOLDINGS

@ UNIVERSITY OF CALIFORNIA (University of California) @ TATA SONS PVT (Tata Sons Pvt Ltd.)

® PING AN INSURANCE @ CHANDIGARH UNIVERSITY @ JAIN TECHNOLOGY
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5.4.4 PATENT PORTFOLIO VALUE

The Al patent portfolios held bgiemens, Philipgnd IBMare consideredo be most valuablevithin

the field of medical technology
Total Portfolio Value Index Score

SIEMENS 2440.04

PHILIPS (Philips BV)

IBM

GENERAL ELECTRIC COMPANY

CANON (Canon, Inc.)

FUJIFILM

SAMSUNG ELECTRONICS

CHANDIGARH UNIVERSITY

5 MEDTRONIC
€
g MERATIVE
8
E ALPHABET
s
& YONSEI UNIVERSITY

PING AN INSURANCE

KOREA UNIVERSITY

JOHNSON & JOHNSON

JAIN TECHNOLOGY

UNIVERSITY OF CALIFORNIA (University of California...
SEOUL NATIONAL UNIVERSITY

TATA SONS PVT (Tata Sons Pvt Ltd.)

TENCENT HOLDINGS

T | T 1
0 500 1000 1500 2000 2500 3000

Total portfolio value index score
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5.5 LANDSCAPE MAP

2SS LI ASR 5S8SNBSyi

using Al tounderstandhard to treat cances and health monitoring.

Figure2 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.

Ly Yy 2 @ MimappiggQadl toLgbidradNangsidpaN.B
mapvisualiseareas of high patent coverage and areas of low patent coverage, as well as iaiight
into the position of the patent portfolios of the top 10 assignédentified. More concentrated areas
of patenting were observed inrelation to medical imaging, surgery, with significaictivity also in
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Figure2. Al medicaltechnology(Source: Clarivate via Derwent InnovatipnEach dot indicates thiecation 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.




6 BIOTECHNOLOGY¥ CHEMICAIKI PATENT LANDSCAPE

Thekey search terms and classification codes outlined in Settiorwere usedo understand how Al
isfacilitatingresearch irbiotechnology and cheroalsectors

6.1 FILING RATE

The last five years account for approximate@¥®of the total patent landscape, which illustrates the
significant growth in Al related technologieswithin biotechnoloy and chemicalresearch and
industries Please note, 2022023 data given in the graph will not be complete, due to therihth
delay between priority application and publication.

Patent Filing Trends
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Source: Clarivate via Derwent Innovation
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6.1.1 GLOBAL GRANT SUCCESS

Similarly,as for otherscientificfields, he chart showsa low proportion of lapsed patent families
indicating thatAl for research imiotechnology and chemistiig valuable and industrially important,
and thatthis is a growh area for patentswith significant space for innovatiogiven the greater
proportion of pending patent applicatian

Legal status

Expired, 2.85% — — Revoked, 1.35%
Lapsed, 8.47% — \

— Pending, 54.10%
Granted, 33.24% —
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6.2 CLASSIFICATIONS

6.2.1 IPCCLASSIFICATIONS

The top Al IPCs relate maachine learning (GO6N20/Q®eural network learning methods (GO6N3/08)
and image analysis (GO6T7/0@Yleasuring processes involving nucleic acids (C12Q ai68
C12Q1/688palso captures many of the patents in biotechnology and chemisthych may help to
explainthe substantial number of recent patent filingeing classified undanethods for recognising
patterns (GO6K9/00), azew systemsare being developed to process the increasing amount of data
being developed from improveents in sequencing technology.

Top IPC Classifications

1000
200
500
700
600
500
400

300+

INPADOC family count

2004

1004

o<

IPC-Current
B 1. GOGN 20/00(943) B 5. GO6N 3/04(292) W 9.C12Q 1/6886(290)
2. GO6N 3/08(739) 6. GOGK 9/00({214) 10. AG1B 5/00(261)
B 2. GOGT T/00(575) B 7.GOIN 33/50(203)
B 4. C12Q 1/68(476) W 8. GOEK 9/62(203)

Source: Clarivate via Derwent Innovation
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Rank IPC

=

GO6N20/00

Number

of
Families
943

Definition

GO06N20/00 Machine learning

GO6N3/08

739

GO6N3/00 Computing arrangements based on biologi
models

Neural networks

Learning methods

GO6N3/02
GO6N3/08

w

G06T7/00

575

G06T7/00 Image analysis

C12Q1/68

476

C12Q1/00 Measuring or testing processes involving enzyn
nucleic acids or microorganisms; Compositiq
therefor;  Processes  of preparing such
compositions

C12Q1/68 involving nucleic acids

GO6N3/04

392

GO6N3/00 Computing arrangements based on biologi
models
Neural networks

GO6N3/04 Architecture, e.g. interconnection topology

GO6N3/02

GO06K9/00

314

GO06K9/00 Methods orarrangements for recognising patterr

GO1N33/50

303

G16H50/00 ICT specially adapted for medical diagno
medical simulation or medical data mining; |
specially adapted for detecting, monitoring
modelling epidemics or pandemics

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

G06K9/62

303

G06K9/00
GO6K9/62

Methods or arrangements for recognising patter
Methods or arrangements for pattern recognitiq
using electronic means

C12Q1/6886

290

C12Q1/00 Measuring or testing processes involving enzyn

nucleic acids or microorganisms; Compositiq

therefor;  Processes of preparing su

compositions

C12Q1/68 involving nucleic acids

C12Q1/687&Nucleic acid products used in the analysis of nug
acids, e.g. primers or probes

C12Q1/6883or diseases caused by alterations of geng
material

C12Q1/6886or cancer

10

A61B5/00

261

A61B5/00 Measuring for diagnostic purposes; Identificati
of persons
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Most of the patentswere filed after 2018, with machine learning (G06N20/00) and neural network
learning methods (GO6N3/08) emerging as the leadihgystemsMost of the top IPC classifications
have experienced increase patent filings.

Top IPC Classification Trends

GO6N-020/00

GO6N-003/08

GO6N-003/04

GO6K-009/62

GO6K-009/00

All IPC codes

C12Q-001/68

A61B-005/00

GO1N-033/50

C12Q-001/6886

1st priority year
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6.2.2 CPC CLASSIFICATIONS

The analysis of top CPC classificatiaiterates thedominance ofmachine learning (GO6N20/00) and
neural network learning methods (GO6N3/08)biotechnology and chemistry research aredslso
showsa more granular level of detaihs combinations of neural networks (GO6N3/045) appear to be
the most common type of neural networks utilisedvhile IPC classification analysis identified
significant interest irmethods for recognising patterns (GO6K9/00), CPC classification analysis shows
that this is likelyto bebioinformaticsrelatedand involves gpervised data analys{&16B40/20)with
interest also in ICT systems specially adapted for functional genomics or proteomics (G16B20/00).
terms of the previously identifiethterest in image analysis (G06T7/00), GRSsificationanalysis
reveala substantial number ofhese patents relag to artificial neural networks for image analysis
(G06T2207/20084) and algorithmic training methods for image analysis (G06T2207/20081).

Top CPC Classifications
1300
1200
1100
£ 1000
a a0l
-
> EBOO
E 700
H GO0
a a0
g 400
=
= 2004
200
100
u_
CPC-Current
B 1. GOGN 20/00{1279) B 5. G16H 50/20(558) 9. GOGT 2207/20084(28T)
2. GOGN 3/08(1131) 6. G16B 40/00({500) 10. C12Q 1/6886(242)
¥ 3. GOGN 3/045(642) W 7.GIGB 20/00(433)
B 4. G16B 40/20{599) B 5. GOGT 2207/20081(404)

Source: Clarivate via Derwent Innovation
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Rank CPC

Number

of
EEINES

Definition

1 GO6N20/00 1279 | GO6N20/00 Machine learning
2 GO6N3/08 1131 GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/08 Learning methods
3 GO6N3/045 642 GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/04 Architecture, e.g. interconnection topology
GO6N3/045 Combinations of networks
4 G16B40/20 599 G16B40/00 ICT specially adapted for biostatistics; |
specially adapted for bioinformatiaglated
machine learning or data mining, e.
knowledge discovery or pattern finding
G16B40/20 Supervised data analysis
5 G16H50/20 558 G16H50/00 ICT specially adapted for medical diagno
medical simulation or medical data mining; |
specially adapted for detecting, monitoring
modelling epidemics or pandemics
G16H50/20 for computeraided diagnosis, e.g. based
medical expert systems
6 G16B40/00 500 G16B40/00 ICT specially adapted for biostatistics; |
specially adapted for bioinformatiaglated
machine learning or data mining, e.
knowledge discovery or pattern finding
7 G16B20/00 433 G16B20/00 ICT specially adapted for functional genom
or proteomics, e.g. genotypghenotype
associations
8 G06T2207/20081 404 G06T2207/00 Indexing scheme for image analysis or ima
enhancement
G06T2207/20  Special algorithmic details
G06T2207/20081Training; Learning
9 G06T2207/20084 387 G06T2207/00 Indexing scheme for image analysis or ima
enhancement
G06T2207/20  Special algorithmic details
G06T2207/20084Artificial neural networks [ANN]
10 C120Q1/6886 342 C12Q1/00 Measuring or testing processes involvi
enzymes, nucleic acids omicroorganisms;
Compositions therefor; Processes of prepar
such compositions
C12Q1/68 involving nucleic acids
C12Q1/6876 Nucleic acid products used in the analysis
nucleic acids, e.g. primers or probes
C12Q1/6883 for diseases caused by alterations of geng
material
C12Q1/6886 for cancer
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Over the period the CPC classification trenghow a similar patent filing profile to the IPC
classification trendsPatents classed as haviogmbinations of neural networks (GO6N3/04tgve
also experienced significant growthin the number ofpatent filingssince 208.

Top CPC Classification Trends

GO6N-003/08

GO6N-020/00

G16B-040/20

GO6N-003/045

G16H-050/20

G16B-040/00

All CPC codes

G16B-020/00

GO06T-2207/20081

G06T-2207/20084

C12Q-001/68/86

1st priority year
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6.2.3 SUBTECHNICAL DOMAINS

Most of the innovation appears to relate tdomains relating taneasurement apparatus, as well as
enzyme and micr@rganism biotechnologyAlenabledagriculture machinerymedical technology

and pharmaceuticalalso feature

SubTechnical Domain Analysis

Pharmaceuticals - Preparations for medical & denfal_]
hGKSNI aLISOALE YIOKAYSE Jt 22NJAy3 akKlLAyYy3d 22AYA
Semiconductors - Semiconductor devicés___]
Control - Control apparatus, elect, mech, fluld__]
aSRAOIt (GSOKy2t238 m 5HAIdy2aias adzNESNBEIZI RSYy(iij
hGKSNI aLISOALFE YIOKAYSE m T INK Odzf GdzNBE Y OKAY $§NH
lylteara 2F o0A2f23A0rt [YEUSNRHta m / KSYAOFE 2N U
Biotechnology - Enzymes, micro-organismis_______ ]
Measurement - Physical, spacial, thermal properti€s ]

Computer technology - Computer systems

0 1000 2000 3000 4000 5000 6000 7000
Count of patent families
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6.3 LANDSCAPE CONCEPTS

The following figure illustrates the distribution of the main concepts across the Al patent landscape in
R&D in thebiotechnology and chemistindustries the maininnovationconcepts featurenachine
learning aml deep learning systemas well aslatabases antbarning dataThe patent landscape als
includes significanpatent activity ininage processingvhichalsoappears to belriving the design of

new proteins and drug¥.

Technologies & applications

© Questel 2023

12 https://www.technologyreview.com/2022/12/01/1064023/bioteclabsare-usingai-inspiredby-dall-e-to-
inventnew-drugs/
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6.4 TOP ASSIGNEES

The top20 assignee terms ofnumber of patentdiled to Alinventionswithin biotechnology and
chemistryR&D are mosthpy commercial organisations.

Top Assignees

INPA DOC family count

Uttimate Parent

L INTERNATIONAL BUSINESS
MACHINES CORP(204)

9. ALPHABET INC.(105) 15. SIEMENS

10. JFE HOLDINGS INC.(04) AKTIENGESELLSCHAFT(70)

2. UNIV CHANDIGARH (200) 16. DEERE & CO.(65)

11. BOSCH (ROBERT)
3. HALLIBURTON CO. GMBH(92)

(HOLDING)(161)

17. HITACHI LTD(64)

12. SAUDI ARABIAN OIL 18, GENESIS HEALTHCARE
COMPANY (SAUDI coi63)
ARAMCO)(30)

13, TATA SONS LTD{86)

4. ILLUMINA INC.(154)

5. UNIV JAIN(154) 19. FUJIFILM BUSINESS
INNOVATION CO. (FORMERLY

6. SCHLUMBERGER LTD.{121) FUJI FILM HOLDINGS C(56)

14. SAMSUNG ELECTRONICS

7. LG ELECTRONICS INC.{116)
€O LTD(85)

M 20. UNIV GALGOTIAS(56)

8. UNIVERSITY OF
CALIFORNIA(111)

Source: Clarivate via Derwent Innovation

Assignee/Applicant Document Organisation Country
Count Type
1 INTERNATIONAL BUSINESS MACHINES 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 LGELECTRONICS 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 SONSLTD 86 Commercial India
14 SAMSUNG ELECTRONICS CO LTD 85 Commercial Korea
15 SIEMENS AKTIENGESELLSCHAFT 70 Commercial Germany
16 DEERE & CO. 65 Commercial US
17 HITACHILTD 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 filindJKorganisations include:

Top Assignees (GB)
.t
3
o 4
=
E .
i
LS ]
o
o 2
g
[
=
'1".;. 'be, '1’{‘, '*Jo. %, ‘z‘z',, 'i"zp '1:",, '1’;
Earliest Priority Year
L. UNIVERSITY OF 8. CATAGEN LTD(4) 15. BIOSTEALTH LTD(2)
LONDON(10) B 9. CELL THERAPY CATAPULT 16. DXCOVER LTD(2)
2. IMPERIAL COLLEGE(9
@ D) 17. EXPERIMENT X LTD(2)
3. UNIVERSITY OF OXFORD(S) 10. ALPHABET INC.(4)
18. OBSERVE TECHNOLOGIES
B 4. CAMBRIDGE UNIVERSITY(S) 11. UNIV DUBLIN LTo(1)
5. BP PL.C.(5) TECHNOLOGICAL(3) 19. ITI SCOTLAND LTD{1)
12. GENOMICS PLC(3)
B 6. OXFORD NANOPORE B 20. UK MINISTRY OF
TECHNOLOGIES LTD(5) 13. PROTEINLOGIC LTD(2) DEFENCE(L)
7. RANDOX LABORATORIES 14. EVONETIX LTD(2)
LTD(4)

Source: Clarivate via Derwent Innovation

Assignee/Applicant Document Organisation Country

Count Type
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 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 INOEEPMIND TECHLTD) 4 Commercial GB
11  UNIV DUBLIN TECHNOLOGICAL 3 Academic GB
12 GENOMICS PLC 3 Commercial GB
13 PROTEINLOGIC LTD 2 Commercial GB
14 EVONETIXLTD 2 Commercial GB
15 BIOSTEALTHLTD 2 Commercial GB
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Assignee/Applicant

Document
Count

Organisation

Country

Type

16 DXCOVERLTD 2 Commercial GB
17 EXPERIMENT X LTD 2 Commercial GB
18 OBSERVE TECHNOLOGIES LTD 1 Commercial GB
19 ITISCOTLAND LTD 1 Commercial GB
20 UK MINISTRY OF DEFENCE 1 Commercial GB

6.4.1 FILING TRENDS

Leading assigneesiych asBM, have filed a significant number patentsover the last 10 yearsBM
wasthe leadingassigneewithin the patent landscapen 2017, before llluminaled the wayin 2018
while Genesis Healthcatgadthe most significant increase patent filings2019.Therate of growth

slowed down in 2020 with similar levels of patent activity by the top parent organisations.
Interestingly patent families filed (internationally) b§hinese academic organisations grew the most

significantlyin 2021 and 2022, however 202D23 data will noyetbe complete, due to the X&onth
delay between priority application and publication.

Top Assignee Trends

INPAD O Cfamily court

L INTERNATIONAL BUSINESS
MACHINES CORP(204)

2. UNIV CHANDIGARH(200)

3, HALLIBURTON CO.
(HOLDING)(161)

B 4 ILLUMINA INC.(154)
5. UNIV JAIN(154)

6. SCHLUMBERGER LTD.(121)
7. LG ELECTRONICS INC.(116)

W 8. UNIVERSITY OF
CALIFORNIA(LLL)

&) +, &, b, 9 @
2

s %

Earliest Priority Year

9. ALPHABET INC.[105)
10. JFE HOLDINGS INC.(94)

11. BOSCH (ROBERT)
GMBH(92)

12. SAUDI ARABIAN OIL
COMPANY (SAUDI
ARAMCO)(90)

13. TATA SONS LTD(86)

14. SAMSUNG ELECTRONICS
CO LTD(85)

Source: Clarivate via Derwent Innovation

15. SIEMENS
AKTIENGESELLSCHAFT(70)

16. DEERE & CO.(65)
17, HITACHI LTD(64)

18. GENESIS HEALTHCARE
co(63)

19. FUJIFILM BUSINESS
INNOVATION CO. (FORMERLY
FUJI FILM HOLDINGS C(56)

B 20, UNIV GALGOTIAS(56)
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6.4.2 TECHNOLOGY FOCUS

There appears to be most competitionteachnologyareas relating to machine learning (GO6N20/00)
and neural network learning methods (GO6N3/08)ith these areas beingdominated by LG
Electronics IBM, Schumberger,Alphabet, Illuminaand DeereDespite the high levedf competition
and patenting activity, a number obrganisationdhaveemerged adeading anddominant playersri
several key areas. For examp(@enesis Healthcarkeads Al-related innovation in the analysis of
biologicaland chemicamaterial (GOLN33/5Qwhilelllumina appears tde the mostignificantplayer

in cancer genetic analysis (C12Q1/68&6)d Deee is drivinginnovation inmethods forrecognising
patterns(G06K9/00 and GO6K9/62)

Top Assignee Technology Trends

IBM ;
CHANDIGARH UNIVERSITY
LG ELECTRONICS .
JAIN TECHNOLOGY
SCHLUMBERGER
UNIVERSITY OF CALIFORNIA (University of California...
ALPHABET
BOSCH ROBERT
SAMSUNG ELECTRONICS
HITACHI

JFE HOLDINGS

Parent company

SAUDI ARABIAN OIL
DEERE
ILLUMINA
GENESIS HEALTHCARE SYSTEM PENSION .
SIEMENS
GALGOTIAS UNIVERSITY
TATA SONS PVT (Tata Sons Pvt Ltd.)
FUIJIFILM

HALLIBURTON

& P > & & &® O <o°
N ";\ IR PRANGRANIRN NP \
e&e@ °Qe°°+ +°Q S S sS
(gb (_‘)do(_‘)gb (o) ']/ b\v Oo'\ 0_

Iex s R

All IPC codes

© Questel 2023

102| Page



6.4.3 PATENPORTFOLISGTRENGTH

Several of the top assigneesstablished an early footing in the field 81 for biotechnology and
chemistry fieldswith IBMconsidered gioneer. Thereare alsca significant number of newcomers to
the areg and Alphabetand Illluminaappear to behavinga most significant impadn this domain

Assignee Patent Strength
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Average age
® BM @ LGELECTRONICS @ GENESIS HEALTHCARE SYSTEM PENSION @  ALPHABET
® JFEHOLDINGS @ SAMSUNG ELECTRONICS @ SCHLUMBERGER @ SAUDI ARABIAN OIL
® HITACHI @ ILLUMINA DEERE UNIVERSITY OF CALIFORNIA @ HALLIBURTON
® SIEMENS @ FUJIFILM TATA SONS BOSCH ROBERT @ CHANDIGARH UNIVERSITY
® JAIN TECHNOLOGY @ GALGOTIAS UNIVERSITY
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6.4.4 PATENT PORTFOLIO VALUE

The Al patent portfolig held by IBM appear to bthe most valuable withirthe biotechnology and
chemistry sectors The patent portfolios held by LG Electronjcélphabet and llluminare also
consideredvaluablefor scientific researchAs previously mentionedhe perceivedvalue of a patent
portfolio can be affected by a range of factossich as portfolio sizand legal statusThe ageand
geographical distribution of patent filingsill be similar for the top parent organisations, hence
differentiation will be dowrto highertechnological impact and portfolio siamd statusFor example
despitethe patent portfolio held by llluminhaving a highetechnologicalmpact than LG electronics
the LG electronicportfolio is considerednore valuabledue to havinga much higher number of
granted patent families

Total Portfolio Value Index Score

CHANDIGARH UNIVERSITY
IBM 497.32

LG ELECTRONICS

JAIN TECHNOLOGY
SCHLUMBERGER
UNIVERSITY OF CALIFORNIA
ALPHABET

SAMSUNG ELECTRONICS
BOSCH ROBERT

SAUDI ARABIAN OIL

DEERE

Parent company

JFE HOLDINGS

ILLUMINA

GENESIS HEALTHCARE SYSTEM PENSION
SIEMENS

GALGOTIAS UNIVERSITY

HITACHI

TATA SONS

FUJIFILM

HALLIBURTON

0 100 200 300 400 500 600

Total portfolio value index score
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6.5 LANDSCAPE MAP
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alsoaround microcontrollers

Figure3legend:

Company

International BusinesMachines
Corp

Univ Chandigarh
Halliburton Co Holding
[llumina Inc.

Univ Jain
Schlumberger Ltd.

Lg Electronics Inc.
University Of California
Alphabet Inc.

Jfe Holdings Inc.

Colour

Ly Yy 2 @ MimappiggQadl toLgbidradNangsidpaN.B
mapto visualiseareasto 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 assigri@exentrated
areas ofpatent activity relate to cancer, genomic datagaseous emissionaith significantactivity
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GENETIC ENGINEEH

Figure3. Al in biotechnology andchemistry sectordSource: Clarivate via Derwent InnovatiprEach dot indicates the location of an INPADOC patent family on the map.
The map has been overlaid withe key areas in which the patents fall on the map.
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7 ENGINEERING & TRANSPORT Al PATENT LANDSCAPE

Thekey search terms and classification codes outlined in Settiorwere usedo understand how Al
isfacilitating research in thengineeringsectors.

7.1 FILING RATE

The last five years account for approximatel$%6 of the total patent landscapeynce again
highlighting the significant growth @fl patentswithin the engineering sectorPlease note, 2022023
data given in the graph will not be complete, due to therd@nth delay between priority application
and publication.

Patent Filing Trends
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7.1.1 GLOBAL GRANT SUCCESS

Aswith the other scientific fields,le chartshowsa low proportion of lapsed patent familiesnd high
number of granted patent familiesmdicating thatAl in engineerings both valuable and industrially
important, and thatthis is a growh area for patening with significant space for innovatiagiven the
high proportion of pending patent applicatics Most notably, thee is a muchigher proportion of

granted patens compared tdhe overall Al patent landscapehichindicates that this is a particularly
important field.

Legal status

Lapsed, 4.77% —

Granted, 43.96%

Pending, 49.52% —
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7.2 CLASSIFICATIONS

|7.2.1 IPC CLASSIFICATIONS

The top Al IPC$or the engineering sectorelate to patents that feature machine learning
(GO6N20/00), neural network learning methods (GO6N3/D8age analysis (GO6T7/0@ndmethods
for recognising patterns (GO6K9/0@ wide variety of Al technologwaspicked up by the top IPCs
which is to beexpected,due to the range of Al applications and the complex nature of the data
engineering

The top IPCalsoindicate that Al is primarily used tmntrol vehicles (G05D1/00) and manipulators
(B25J9/00).

Top IPC Classifications

4000
3500
3000
2500
2000

1500

INPADOC family count

1000

500+

IPC-Current
B 1. GOGN 20/00(2882) B 5. GOGN 3/04({1894) = 9.GO5D 1/00(1169)
2. GDGM 2/08(3844) 6. GOEK 9/62(1628) 10. GOEN 2/02(901)
B 3. GOGT 7/00(2442) W 7.B25) 9/16(1431)
B 4. GOGK 9/00(2159) B 8. G05D 1/02(1376)

Source: Clarivate via Derwent Innovation
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Rank IPC

Number

of
Families

Definition

1 GO6N20/00 3882 | GO6N20/00 Machine learning
2 GO6N3/08 3844 | GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/08 Learning methods
3 G06T7/00 2442 | GO6T7/00 Image analysis
4 GO06K9/00 2159 | GO6K9/00 Methods or arrangements for recognising patter,
5 GO6N3/04 1894 | GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neuralnetworks
GO6N3/04 Architecture, e.g. interconnection topology
6 G06K9/62 1628 | GO6K9/00 Methods or arrangements for recognising patter
G06K9/62 Methods or arrangements for pattern recognitiq
using electronic means
7 B25J9/16 1431 B25J9/00 Programmecontrolled manipulators
B25J9/16 Programme controls
8 G05D1/02 1376 | GO5D1/00 Control of position, course or altitude of lan
water, air, or space vehicles, e.g. automatic pilg
G05D1/02 Control of position or course in two dimensions
9 G05D1/00 1169 | GO5D1/00 Control of position, course or altitude of lan
water, air, or space vehicles, e.g. automatic pilg
10 GO6N3/02 901 GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
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Againmost patentswere filed after 2018, with machine learning (GO6N20/00) and neural network
learning methods (GO6N3/08)gnificant areas of patenting activity

Top IPC Classification Trends

GO6N-020/00

GO6N-003/08

GO6N-003/04

G06T-007/00

GO6K-009/00

GO6K-009/62

All IPC codes

GO05D-001/02

B25]-009/16

GO5D-001/00

GO6N-003/02

1st priority year
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|7.2.2 CPC CLASSIFICATIONS

As with IPCshe top CPC classificatioatso showpatents to bemosty groupedaround machine
learning (GO6N20/00) and neural network learning methods (GO6N3@8nbination of neural
networks (GO6N3/045nd recurrent network$GO6N3/044arethe mostfrequently appliedypes of
neural networkin engineering with backpropagation being thkeading neural network learning
method (GO6N3/084) There alsoappears to significanpatent activity relating to pobabilistic
graphical models (GO6N7/0Within the engineeringindustry. With respect toimage analysisIPC
code G0O6T7/00),the top CPCdurther indicate artificial neural networks (G06T2207/20084) and
algorithmic training methods (G06T2207/2008%fhe most commorAl systemsinder development
for image analysiwithin the engineering industry

Top CPC Classifications

80004

INPADOC family count
&
g

1500+
1000
500

CPC-Current
B 1. GOGN 3/08(5575) B 5. GO6T 2207/20081(2129) M 9. GOGN T/01(1124)
2. GO6N 20,/00(5405) 6. GOBV 10/82(1734) 10. GOSN 2/044(1061)
W 3. GOGN 3/045(2248) W 7.GOGM 3/084(1271)
B 4. GOGT 2207/20084(2141) B & GO6M 3/04(1191)

Source: Clarivate via Derwenminovation
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Rank CPC

Definition

1 GO6N3/08 5575 GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/08 Learning methods
2 GO6N20/00 5405 | GO6N20/00 Machine learning
3 GO6N3/045 3348 GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/04 Architecture, e.g. interconnection topology
GO6N3/045 Combinations of networks
4 | G06T2207/20084 2141 G06T2207/00 Indexing scheme for image analysis or ima
enhancement
G06T2207/20  Special algorithmic details
G06T2207/20084Artificial neural networks [ANN]
5 | G06T2207/20081 2139 | G06T2207/00 Indexing scheme for image analysis or img
enhancement
G06T2207/20  Special algorithmic details
G06T2207/20081Training; Learning
6 G06Vv10/82 1734 G06Vv10/00 Arrangements for image or video recognition
understanding
G06Vv10/70 using pattern recognition or machine learnin
G06Vv10/82 using neural networks
7 GO6N3/084 1271 GO6N3/00 Computingarrangements based on biologic
models
GO6N3/02 Neural networks
GO6N3/08 Learning methods
GO6N3/084 Backpropagation, e.g. using gradient descer,
8 GO6N3/04 1191 | GO6N3/00 Computing arrangements based on biologi
models
GO6N3/02 Neural networks
GO6N3/04 Architecture, e.g. interconnection topology
9 GO6N7/01 1124 GO6N7/00 Computing arrangements based on spec
mathematical models
GO6N7/01 Probabilistic graphical models, e.g. probabilig
networks
10 GO6N3/044 1061 GO6N3/00 Computingarrangements based on biologic
models
GO6N3/02 Neural networks
GO6N3/04 Architecture, e.g. interconnection topology
GO6N3/044 Recurrent networks, e.g. Hopfield networks
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Over the period, te CPC classification tremghow a similar patent filingprofile to the IPC
classification trendsPatents classea@s having combination of neural networks (GO6N3/045) and
recurrent networks (GO6N3/044), have afstiowed suit with thenumber ofpatent filingsincreasing

Top CPC Classifications

GO6N-003/08

GO6N-020/00

GO6N-003/045

GO6N-003/04

GO06T-2207/20081

All CPC codes

GO06T-2207/20084

GO6Vv-010/82

GO6N-003/08/4

GO6N-007/01

GO6N-003/044

1st priority year
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7.2.3 SUBTECHNICAL DOMAINS

Diving intothe technical domainsmost innovation appears to relate to measurement and control
systems, as well a&l technology fowvehicles. There also appearsitonovationsin Al androbotic
devices and electrical machinery, while there is some overlap with the medical technology patent

landscape.

SubTechnical Domain Analysis

Audio-visual technology - TeIevisioEI

Electrical machinery, apparatus, energy - Productiorm
distribution electric power

Telecommunications - Broadcast, jamming, twisted pai
wireless

Analysis of biological materials - Chemical or physim
analysis

Handling - Robotic deviceD
Control - Alarm systems, traffic control syste

Medical technology - Diagnosis, surgery, dentistnl'y:|
implants, therapy devices, pharmaceuticals

Control - Control apparatus, elect, mech, quiE’
Transport - Vehicles - inc all elements, tires

Measurement - Physical, spacial, thermal properti#s

Computer technology - Computer systerds

0 5000 10000 15000 20000 25000
Count of patent families
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7.3 LANDSCAPE CONCEPTS

The following figure illustrates the distribution of the main concepts across the Al patent landscape in
engineering research which provides additional depth to key research areas identified from
classification analysidhe mainconceptsfocus oncomputer visionand microcontrollersystemsas

well astrainingmodels and reinforcement learning

Technologies & applications

© Questel 2023
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7.4 TOP ASSIGNEES

The top20 assignees for the number of paterfiled to Altechnologies forengineeringwere in the

mainfiled by commercial organisations.

Top Assignees

INPADOC family cournt
Moow ok oW o@

B 5 SAMSUNG ELECTRONICS

B 6. MITSUBISHI ELECTRIC

2. LG ELECTRONICS INC.(771)

AKTIENGESELLSCHAFT(702)
4. TOYOTA MOTOR CORP(655)

Uttimate Parent

T. ALPHABET INC.(487)

8. INTERNATIONAL BUSINESS
MACHINES CORP(446)

9. UNIV CHANDIGARH [445)

10. PORSCHE AUTOMOBIL
HOLDING SE(422)

11 HITACHI LTD(374)
12. FORD MOTOR CO.(370)
13 FANUC LTD.(351)

14. UNIV JAIN(349)

Source: Clarivate via Derwent Innovation

Assignee/Applicant

15. GENERAL ELECTRIC
COMPANY(326)

16. CANON INC(290)

17. HALLIBURTON €O.
(HOLDING)(280)

18. NEC CORP(275)
19. BAYERISCHE MOTOREN
WERKE AG (BMW)(273)

B 20. HYUNDAI MOTOR
o.(211)

Document Organisation Country
Count Type

1 BOSCH ROBERT GMBH 792 Commercial Germany
2 LG ELECTRONICS INC. 771 Commercial Korea

3 SIEMENBKTIENGESELLSCHAFT 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 BUSINESSHINES COF 446 Commercial US

9 UNIV CHANDIGARH 445 Academic  India

10 PORSCHE AUTOMOBLKSWAGEN) 422 Commercial Germany
11  HITACHILTD 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 (E 273 Commercial Germany
20 HYUNDAI MOTOR CO. 271 Commercial Korea
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GREAT BRITAIN

The top patent filindJKorganisations include:

Top Assignees (GB)
£
g
%‘
3
3
EEEEE

1. ALPHABET INC.(29)

2. UNIVERSITY OF
OXFORD(17)

3. BRITISH AMERICAN
TOBACCO PLC(14)

4, BP PLC.(12)

B 5. UNIVERSITY OF
LONDON(12)

W 6. APTIV PLC (FORMER
DELPHI AUTOMOTIVE
PLC)(12)

7. DYSON LIMITED(11)

9, %, 3

-

L)

Earliest Priority Year

8. BAE SYSTEMS PLC.(10)

9. ROLLS ROYCE HOLDINGS
PLC(10)

10. CAMBRIDGE
UNIVERSITY(9)

11. WHEELRIGHT LTD{9)
12. IMPERIAL COLLEGE(8)

13. RANDOX LABORATORIES
LTD(6)

14. UNIV DUBLIN
TECHNOLOGICAL(S)

Source: Clarivate via Derwent Innovation

Assignee/Applicant

Document

Count

15. WIND FARM ANALYTICS
LTD(4)

16. J C BAMFORD
EXCAVATORS LTD (DBA JCB
GROUF)(4)

17. CELL THERAPY CATAPULT
LTD(4)

18. CATAGEN LTD(3)
19. ADAPTIX LTD(3)
20. MASSIVE ANALYTIC LTD(2)

Organisation
Type

Country

1 ALPHABET INOEEPMIND 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 BAESYSTEMS 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 DUBLINECHNOLOGICAL 5 Academic GB
15 WIND FARM ANALYTICS LTD 4 Commercial GB
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Assignee/Applicant

Document

Count

Organisation

Country

Type

16 J C BAMFORD EXCAVATORS LTD 4 Commercial GB
17 CELL THERAPY CATAPULT LTD 4 Commercial GB
18 CATAGENLTD 3 Commercial GB
19 ADAPTIXLTD 3 Commercial GB
20 MASSIVEBNALYTIC LTD 2 Commercial GB

7.4.1 FILING TRENDS

The topfiling companies, such @&oschandLG Electronigdavecontinued toincrease the number of
patentsfiled significantlylnterestingly LGElectronicdad aspike in patent filingi 2019 Bosch and
Toyota emergd as the most active in 2020he University of Chandigarh and JAilAve filed a
significant number of patents in 2022ut the 2021-2023 data given in the graph will not be complete,
due to the 18month delay between priority application and publication.

Top Assignee Trends

INPADOC family court
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1. BOSCH (ROBERT)
GMBH(T92)

2. LG ELECTRONICS INC_(T71)

3. SIEMENS
AKTIENGESELLSCHAFT(T02)
4. TOYOTA MOTOR CORP{655)

B 5. SAMSUNG ELECTRONICS
CO LTD(514)

M 6. MITSUBISHI ELECTRIC
CORP(495)

b, Y

)
. 2 %

Earliest Priority Year

7. ALPHABET INC.(487)

8. INTERNATIONAL BUSINESS
MACHINES CORP(446)

9. UNIV CHANDIGARH (445)

10. PORSCHE AUTOMOBIL
HOLDING SE(422)

11 HITACHI LTD(374)
12. FORD MOTOR €O.(370)
13. FANUC LTD.(351)

14. UNIV JAIN(349)

Source: Clarivate via Derwent Innovation
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15. GENERAL ELECTRIC
COMPANY(326)

16. CANON INC(290)

17. HALLIBURTON CO.
(HOLDING)(280)

18. NEC CORP(275)

19. BAYERISCHE MOTOREN
WERKE AG (BMW)(273)

20. HYUNDAI MOTOR
C0.[271)
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7.4.2 TECHNOLOGY FOCUS

Machine learning (GO6N20/00) and neural network learning methods (GO6N2p@jed to
engineeringepresent themost competitiveareas with a high number ofhesepatents filed bymajor
companies, such @&ANUGNd Toyota Most of the automotive playershave a higher proportion of
patent filings in thesenethods while Ford and Toyota have also invested significantly in methods for
recognising patterns (GO6K9/0M) contrastto other sectorsthere appears to béessinterest from

the automotive industry inmage analysis (G0O6T7/00), as this area is dominateSidamensCanon

and Hitachi There also appears to be significaativity aroundprogrammecontrolled manipulators
(B25J9/16)with substantiainumbers of patents filed byAlphabet, FANUC and LG Electranics

Top Assignee Technology Trends

ROBERT BOSCH STIFTUNG
SIEMENS
TOYOTA MOTOR

SAMSUNG ELECTRONICS

CHANDIGARH UNIVERSITY

LG ELECTRONICS

VOLKSWAGEN

IBM L

ALPHABET

MITSUBISHI ELECTRIC

FORD MOTOR .
FANUC -

HITACHI

Parent company

JAIN TECHNOLOGY

BMW - BAYERISCHE MOTOREN WERKE
HYUNDAI MOTOR

CANON

GENERAL ELECTRIC

NEC

HALLIBURTON

All IPC codes
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7.4.3 PATENT STRENGTH

Several players, such #&ANUCestablished an early footing in the engineerangd Alspace Thehigh
number of assigneewith patent portfolios of a similarage and technology impadtustrates how
competitive the industry is, with Hyundaiand JAIN beingsome ofthe latest newcomers.Most
interestingly, despite significant patent filisffom automotiveplayers, such as Toy@and Mitsubishi

Alphabetis a pioneer in thdield.

4,500

4,000

3,500

3,000

2,500

2,000

Count of non-self forward citations

1,500

1,000

500

Assignee Patent Strength

Average age

® TOYOTAMOTOR @ 1BM @ FANUC @ SIEMENS @ MITSUBISHI ELECTRIC

SAMSUNG ELECTRONICS LG ELECTRONICS ALPHABET FORD MOTOR
VOLKSWAGEN @ HITACHI @ ROBERT BOSCH STIFTUNG @ HYUNDAI MCTOR @ NEC
GENERAL ELECTRIC @ CANON @ HALLIBURTON @ BMW - BAYERISCHE MOTOREN WERKE

CHANDIGARH UNIVERSITY @ JAIN TECHNOLOGY

© Questel 2023

121| Page




7.4.4 PATENT PORTFOLIO VALUE

Despite Alphabet being a pioneer in the amfaAl and engineeringhe greaterproportion of granted
patent familiesheld by Toyota,FANUC and Siemens mean that thepatent portfolios are more
valuable in the engineering field.

Total Portfolio Value Index Score

ROBERT BOSCH STIFTUNG

SIEMENS 1320.33

TOYOTA MOTOR 1486.C

1198.21

SAMSUNG ELECTRONICS

CHANDIGARH UNIVERSITY

LG ELECTRONICS 1148.4
VOLKSWAGEN
IBM 1255.43
ALPHABET 1158.51

MITSUBISHI ELECTRIC

FORD MOTOR 1086.91

Parent company

FANUC 1441.05

HITACHI

JAIN TECHNOLOGY 35.77

BMW - BAYERISCHE MOTOREN WERKE 196.35
HYUNDAI MOTOR 534.86

CANON

487.93

GENERAL ELECTRIC 588.38

NEC 382.27

HALLIBURTON 137.67

T T T T T T T 1

0 200 400 600 800 1000 1200 1400 1600

Total portfolio value index score
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7.5 LANDSCAPE MAP
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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 assignédss $ illustrated in Figurd

below. The moreheavily concentrated areas of the patent landscape relate tcomputer vision and

vehicularenvironment, and robotics

Figure4 legend:

Company Colour
Bosch Robert Gmbh
LGElectronics Inc.

Siemens Aktiengesellschaft
Toyota Motor Corp
Samsung Electronics Co Ltd
Mitsubishi Electric Corp
Alphabet Inc.

International Business Machines
Corp

Univ Chandigarh

Porsche Automobi(Volkswagen)
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ROBOTICS

COMPUTER VISION

QUANTUM SYSTEMS

IMAGE ANALYSIS AUTONMOUS VEHICLES

Figure4. Al inthe engineering and transporsectors(Source: Clarivate via Derwent InnovatiprEach dot indicates the location of B#PADOC 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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