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[Abstract]

This study presents a methodology for identifying technology convergence phenomena of the healthcare sector, which is in the
spotlight as a convergence industry. We analyzed 16,884 registered patents over the past five years from 2018 to 2022 in the
United States and Europe, which are advanced countries in the healthcare sector. Based on these patent data, a prediction model
was established after extracting major variables through network, principal component, and clustering analyses. The performance
evaluations of the predictive model were conducted through the machine learning algorithm, which displayed high accuracy in all
five techniques. This study derived 41 key technologies, including data processing (GO6F), computing device (GO6N), image data
processing (GO6T), medical information (G16H), digital transmission (H04L), wireless (HO4W), diagnosis and surgery (A61B), or
medication and treatments (A61K, A61P). The results can be used as fundamental data when domestic healthcare companies

establish patent and technology commercialization strategies.
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Table 1. Definition of input variables

Feature Variable Description
Degree Measures the importance or centrality
gre DC of a node within a network based on
centrality ) :
the number of connections it has.
Closeness A measure of the average shortest
; CC distance from each vertex to each other
centrality
vertex.
A way of detecting the amount of
Betweenness !
; BC influence a node has over the flow of
centrality

information in a graph.

Eigen Vector
centrality

An algorithm that measures the

EV transitive influence of nodes.

A system that measures websites' and
webpages' importance based on the
links pointing to them.

Page Rank PR

The HITS algorithm iteratively updates
the authority and hub scores until

HITS HI . .
convergence is achieved.
"Hypertext Induced Topics Selection
Clustering A measure of the degree to which
o CCO nodes in a graph tend to cluster
Coefficeint

together.
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Fig. 3. Network analysis results (degree centrality)
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Table 2. Core CPC based on degree centrality
Core CPC
1 GO6N 20/00

Description
Machine learning
Monitoring a patient using a global

2 A61B 5/0022

network

3 AG1B 5/055 Involving electrqmc [EMR] or nuclear
[NMR] magnetic resonance

4 GO6N 3/08 Learning methods

5 AB1P 35/00 Antineoplastic agents

6 G16H 10/60 For patient—specific data

7 GO6F 21/6245 Protecting personal data

8 GO6T 7/0012 Biomedical image inspection

9 GO6N 3/0454 Using a combination of multiple neural

nets

Transmission computed tomography

10 A61B 6/032 (CT)
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Table 3. Variance ratio of principal component

PC1 PC2 PC3 PC4

Variance Ratio | 0.563% | 0.174% | 0.165% | 0.087
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Fig. 4. The results of 3D cluster analysis

Table 4. The average results of network analysis metrics by clusters

num DC CC BC EV PR HITS CCO Importance
cluster_1 27,292 5.495 0.192 0 0.005 0 0.001 0.05 -
cluster_2 890 81.931 0.255 0.002 0.125 0 0.021 0.153 2nd
cluster_3 2,212 4.559 0.205 0 0.007 0 0.001 0.788 3rd
cluster_4 505 1.75 0.647 0 0 0 0 0.007 -
cluster_5 41 334.902 0.287 0.015 0.492 0.001 0.088 0.067 1st
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Table 5. Core Technologies(41 sub group)

Subclass | Subgroup Description

A61B Computer—aided planning, simulation or
34/10 modelling of surgical operations

A61B Surgical navigation systems; Devices for
34/20 tracking or guiding surgical instruments

A61B

34/25 User interfaces for surgical systems

A61B Remote monitoring of patients using
5/0002 | telemetry

A61B Monitoring the patient using a local or
A61B 5/002 | closed circuit

5%3(1)52 Monitoring a patient using a global network
SA/(?(1)$7 Devices for viewing the surface of the body
A5%1B Measuring temperature of body parts
A61B Simultaneously evaluating both

5/0205 cardiovascular conditions and different

types of body conditions

1z

MAlzid 7|uk FAFH|Of ok S5{o] sl 7|5 B4 017

A61B Simultaneously evaluating both
5/02055 | cardiovascular condition and temperature
A61B Involving electronic [EMR] or nuclear
5/055 [NMR] magnetic resonance
A61B For measuring glucose
5/14532 99
A61B ' - L '
5/7267 Involving training the classification device
Determining trends in physiological
A61B measurement data; Predicting
5/7275 | development of a medical condition based
on physiological measurements
AG18B Alarms related to a physiological condition
5/746 physiolog
A61B e
6/032 Transmission computed tomography (CT)
Injectable compositions; Intramuscular,
AGTK intravenous, arterial, subcutaneous
AB1K 9/0019 administration; Compositions to be
administered through the skin in an
invasive manner
AB1P . )
A61P 35/00 Antineoplastic agents
GO6F )
21/6245 Protecting personal data
GO6F Arrangements for interaction with the
3/011 human body
3?82; Interaction with lists of selectable items
GO6F
Go6F Audio in a user interface
3/167
Go6F Semantic analysis
40/30 y
Go6F Execution arrangements for user interfaces
9/451 9
GO6N . .
0/00 Machine learning
GO6N
3/0445 Feedback networks
GOBN GO6N using a combination of multiple neural
3/0454 | nets
GO6N )
3/08 Learning methods
GO6N Computing arrangements based on
7/00 specific mathematical models
GoeT . . ) )
GOo6T 7/0012 Biomedical image inspection
G16H For patient—specific data, e.g. for
10/60 electronic patient records
G16H For processing medical images
30/40 P g g
G16H For the management or administration of
40/20 healthcare resources or facilities
G16H For local operation
G16H | 40/63 P
G16H For remote operation
40/67 P
G16H L . )
50/20 For computer—aided diagnosis
G16H For calculating health indices; for
50/30 individual health risk assessment
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G16H | 1 mining of medical data, 4-40i2(d LS 4S Bt
50/70
G16H8 ICT specially adapted for facilitating d= A%E Hrksr] Y8 Random Forest, SVM,
0/00 communication between medical . . WO Aas
practitioners or patients XGBoost, LightGBM, Decision Tree 7|H<S 4835l &
HodL HO4L | adapted for proprietary or special purpose do] sty AuE EUE oS53 23S Hus it 7).
67/12 networking environments 570 &F3E]E = 999 O]/}}ﬂ o 73-@}5% Ve AL
HO4W . . . o , ’
HO4W 4/80 Services using short range communication % XGBOOSt7}‘ Ei?} Z}O]i 7]'20} l\__-]—:_‘g: Xég'].}_% L]’F%LH
Sleh
AR .
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AG1Medical Skisine) GO06(Computing, Calculating)

AB1B(Diagnosis, Surdery)

AB61K(Preparations For
Medical)

AB1P(Therapeutic Activity)

GO6F(Data Processing)
GO6N(Computational Model)
GO6T(Image Data Processing)

HOA4L(Transmission Of
Digital Information)
HO4W/(wireless Communication
Networks)

G16H

(Healthcare Informatics)

G1e(icT) HO4
(Electric Communication

Technique)
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Table 7. Performance evaluation
Acc. Rec. Pre. F1-s.
Random Forest 0.9971 0.9706 0.9786 0.9745
SVM 0.9973 0.9874 0.9983 0.9928
XGBoost 0.9982 0.9931 0.9970 0.9951
LightGBM 0.9963 0.9536 0.9329 0.9423
Decision Tree 0.9973 0.9727 0.9787 0.9756

£ 8. 84l 7|z 2o} 7|gh 84l S5

Table 8. Core patents based on key technology areas

Fig. 5. Technology landscape of key healthcare sector Pantent Title
technologies no.
US;;)S;% Cloud interface for coupled surgical devices
E 6. il CPC 22| ME 2~ US109569 | Managing dynamic licenses for physiological
Table 6. Subclass of core CPC code 50B2 parameters in a patient monitoring environment
CPC code (num) Description Secure permissioning of access to user accounts,
- — — P—— Us111201 | © ; S
AG1B(16) Diagnosis; surgery; identification 58R2 including secure distribution of aggregated user
AGTK() Preparations for medical, dental, or toilet aCCOUht data . . .
purposes US107893 | Graphical representation of an information
AB1P(1) Therapeutic activity .ofl chemical , 87B2 management s‘ystem‘ _ ‘
compounds or medicinal preparations US103604 | Methods for using artificial neural network analysis on
GO6F(6) Electric digital data processing 99B2 flow cytometry data for cancer diagnosis
GOBN(5) Compute( systems based on specific US109573 Multi-microphone speech separation
computational models 37B2
GO6T(1) Image data processing or generation, in US109574 | Facilitating lartificial iqtelligence irjtegration into
general 42B2 systems using a distributed learning platform
G16H(9) Healthcare informatics US109328 Systems, methods, and media for presenting
HO04L(1) Transmission of digital information 60B2 medical imaging data in an interactive virtual reality
HO4W(1) Wireless communication networks environment

http://dx.doi.org/10.9728/dcs.2023.24.10.2345
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US111646 | Systems and methods for intelligent patient interface
79B2 exam station

US109023 | Stacked neural network framework in the internet of
02B2 things

US109596 | Ascertaining a function parameter relating to a local

85B2 tissue function for plurality of tissue regions
US109566 | Systems and method for vocabulary management in
83B2 a natural learning framework
USS(()JSSZ Method and electronic device for controlling display

uS112847
97B2

US111719 | Data transmitting apparatus, data receiving
32B2 apparatus, method and program

US113090 | System and method to enable remote adjustment of
85B2 a device during a telemedicine session

US103807 | Computed tomography image processing and data
38B2 analysis

US104926 | Portable biometric monitoring device and method for
96B2 use thereof

US111138 | Image segmentation apparatus, method and
16B2 relevant computing device

US106389 | Systems and methods for magnetic resonance
51B2 imaging

Remote examination through augmented reality
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