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Abstract

[Purpose] To develop a construction plan for a thematic patent early warning
platform, providing a solution for long-term thematic tracking and early warning
analysis, thematic data reuse, and other related work. [Method] The platform
integrates open-source code platforms and tools (DSpace, OpenRefine, ECharts,
VOSviewer, etc.) to implement functions such as storage, tracking, classification,
cleaning, analysis, and management of thematic data. [Results] The extreme
ultraviolet lithography technology theme was selected for application practice,
testing and resolving detailed issues during the implementation process, and
verifying the feasibility and effectiveness of the thematic patent early warning
platform. [Limitations] The current thematic patent early warning platform
requires further optimization in aspects such as full automation of data process-
ing, standardization of data analysis metrics, and implementation of correlation
in content mining. [Conclusion] The functions implemented by the thematic
patent early warning platform hold practical significance for timely tracking,
early warning, and classified management of technology patents throughout the
technology R&D lifecycle.
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Abstract: [Objective] This paper proposes a construction scheme for a subject-
based patent early warning platform, providing a solution for long-term subject
tracking, early warning analysis, and subject data reuse. [Methods] The plat-
form integrates open-source platforms and tools (including DSpace, OpenRefine,
ECharts, VOSviewer, etc.) to implement functions such as storage, tracking,
classification, cleaning, analysis, and management of subject data. [Results]
The extreme ultraviolet lithography technology subject was selected for applica-
tion practice to test and resolve detailed issues in the implementation process,
thereby verifying the feasibility and effectiveness of the subject-based patent
early warning platform. [Limitations] The current platform requires further op-
timization in terms of fully automated data processing, indicator-based data
analysis, and implementation of content mining associations. [Conclusions] The
functions implemented by the subject-based patent early warning platform have
practical significance for timely tracking and early warning of technology patents
and their classified management throughout the technology R&D lifecycle.

Keywords: Subject-based system; Patent early warning; System construction
Classification Numbers: TP392; G353

Patent information plays a crucial supporting role in economic and social devel-
opment as well as enterprise innovation activities. Patent early warning involves
retrieving and analyzing patent information to research and predict potential
patent risks, thereby supporting response strategies [1]. The stakeholders in-
volved in patent early warning range from regional and national entities to R&D
teams. Throughout the technology innovation and industrial development life-
cycle, these stakeholders need to capture relevant patent information in a timely
and sensitive manner, analyze and predict patent risks, and formulate appropri-
ate responses.

Since patent risks throughout the technology innovation and industrial develop-
ment lifecycle are dynamically changing, patent early warning work for specific
innovation subjects is time-sensitive. From patent retrieval to analysis, and from
risk identification to assessment, manual patent early warning cannot monitor
patent information in real time, and process patent data is often used only once.
These drawbacks hinder the timeliness of patent early warning and the reuse of
patent data. As the primary carrier of patent information, the effective utiliza-
tion of patent data is crucial in patent early warning work. In today’ s digital
era, where the network has increasingly become the most important channel
for scientific and technological exchange and dissemination, using online plat-
forms to track patent information in real time for early warning purposes holds
practical significance.

Through our investigation and use of relevant domestic and international sys-
tems and platforms, we identified several limitations: (1) Patent analysis plat-
forms can adequately meet single-analysis needs but lack integrated functional-
ity for patent early warning. While some platforms offer partial early warning
capabilities, they suffer from inflexible subject creation, low customization, or
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inability to track in real time. For instance, the Thomson Innovation plat-
form enables data tracking for specific subjects through alert creation but lacks
data cleaning and classification management functions. The Orbit analysis
platform allows data cleaning and analysis of fixed patent datasets through
workspace folders but cannot perform real-time tracking or classification man-
agement. (2) Enterprise competitive intelligence systems generally follow the
logical framework of intelligence collection, analysis, and service, with complex
data sources dominated by unstructured information. However, they lack speci-
ficity for subject-based patent early warning and do not emphasize cleaning of
multi-source data. For example, the Goonie competitive intelligence system
comprehensively integrates and utilizes various information sources to provide
enterprise competitive intelligence, but the information is too extensive for tech-
nology R&D innovation purposes. (3) Self-built platforms are developed accord-
ing to patent management systems, patent intelligence analysis frameworks, or
patent information value systems. For example, the Institute of Computing
Technology of the Chinese Academy of Sciences developed a patent value anal-
ysis and rating electronic system focusing on patent value assessment, inventor
self-evaluation, and expert review.

To address these issues, this paper proposes an implementation scheme for a
subject-based patent early warning platform. Built according to stakeholders’
specific needs for technology innovation and management, the platform effec-
tively integrates the patent intelligence analysis process to enable customized
patent classification management and early warning for various segments of tech-
nology or industrial chains. The data subjects can range from entire industry
patent datasets to specific product or technology patent collections. Function-
ally, stakeholders can use the platform to form subject-specific patent datasets,
classify and manage key R&D technologies, monitor the latest technology de-
velopment trends, understand competitors’ technical capabilities, and achieve
patent early warning analysis and data reuse. Technically, the scheme integrates
open-source platforms and tools to develop functional modules for storage, track-
ing, classification, cleaning, analysis, and management of subject patent data,
thereby saving system development time and costs.

2. Platform Design and Implementation

Patent data serves as the primary carrier of patent information and constitutes
the main analytical object of patent early warning work. The openness of patent
data provides a foundation for the collection, organization, and processing ca-
pabilities of our patent early warning platform. Patent early warning requires
comprehensive and timely tracking of patent information, yet open patent data
resources are numerous with non-uniform metadata and content formats across
different sources. The subject-based patent early warning platform must enable
automatic collection of subject data through customized R&D subject configu-
ration, matching specified content and structurally extracting patent metadata
information from various patent information resources while achieving local stor-
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age. The platform needs to normalize patent data from different sources through
unified customized metadata and perform data deduplication by setting unique
patent data identifiers. With data processing functions to unify content formats,
the platform helps stakeholders dynamically capture and track patent informa-
tion while providing high-quality data for early warning analysis. The functional
framework of the subject-based patent early warning platform is shown in Fig-
ure 1 [Figure 1: see original paper|. Based on this framework, the platform
focuses on implementing five core functions: subject customization, data collec-
tion, automatic classification, data processing, and data analysis.

(1)

Subject customization refers to configuring early warning targets through
the development of comprehensive retrieval strategies. Before formulat-
ing retrieval strategies, adequate preparatory work is required, including
subject domain investigation, research on term diversity, pre-retrieval of
target patent resources, and retrieval strategy adjustment and refinement.
The completeness of retrieval strategies directly affects the effectiveness
of subsequent tracking data. Through subject customization, stakehold-
ers can achieve personalized tracking and early warning for their required
subjects.

Data collection involves periodic harvesting of target patent resources by
constructing a series of distributable and deployable web-oriented crawlers
for precise acquisition [2]. During the data collection phase, metadata
items from target patent resources are normalized to achieve unified de-
scription of data from different sources, and data deduplication is per-
formed using unique patent data identifiers. Through data collection,
stakeholders can achieve real-time tracking of customized R&D subjects.

Automatic classification refers to the customized categorization of col-
lected information. By developing comprehensive matching strategies,
the platform enables thematic classification management: each collected
patent information item undergoes subject identification and is automat-
ically assigned to the corresponding thematic category while achieving
automatic indexing of patent information. Through automatic classifica-
tion, stakeholders can implement classified tracking and management of
customized subjects.

Data processing involves handling collected patent information, including
data cleaning and format processing. The diversity of patent information
resources leads to inconsistent cataloging formats. While the data collec-
tion phase normalizes metadata naming, collected patent information still
exhibits cataloging rule diversity. One objective of the data processing
phase is to unify these cataloging formats. Uncleaned data commonly suf-
fers from non-standard naming—for example, IBM may appear as IBM,
IBM Corp., or International Business Machines Corporation, with sub-
sidiary companies, regional branches, and other legal entities also present.
Without standardization through data cleaning, tracking and early warn-
ing analysis for applicants would lose accuracy. Therefore, another pur-
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pose of the data processing phase is to achieve data cleaning. Stakeholders
can ensure the standardization and effectiveness of early warning informa-
tion by saving data processing rules.

(5) Data analysis provides automatic early warning analysis services for stake-
holders. Through the aforementioned series of processes, the data analysis
phase delivers services including tracking of key institutions, identifica-
tion of important inventors, and revelation of hot topics. Simultaneously,
stakeholders can perform multi-angle analyses according to their needs to
deeply explore early warning information.

3. Key Technical Implementation Methods

Based on the functional framework of the subject-based patent early warning
platform, we extended and developed the system using the open-source software
DSpace 4.2 [3-4] and integrated OpenRefine, ECharts, and VOSviewer to im-
plement relevant functions. DSpace is a Java-based open-source system with
comprehensive metadata definition, local hierarchical data storage, and data
indexing and retrieval capabilities, making it the preferred system for develop-
ing subject-based patent platforms. Leveraging DSpace’ s metadata function-
ality, the subject-based patent early warning platform standardizes the data
fields being monitored. DSpace’ s Community and Collection structures pro-
vide the technical foundation for the platform’ s classification management. To
achieve more accurate early warning analysis, the platform requires standard-
ized processing of collected data. OpenRefine [5], with its data processing capa-
bilities and open-source nature, becomes the optimal choice for implementing
data processing functions. The platform integrates OpenRefine to realize data
cleaning, processing, and preservation of processing rules. While DSpace pro-
vides one-dimensional statistical analysis, the platform achieves custom multi-
dimensional combined analysis through secondary development, thereby ex-
panding the depth and breadth of early warning capabilities, and integrates
ECharts and VOSviewer for analysis visualization. The technical framework of
the subject-based patent early warning platform is shown in Figure 2 [Figure 2:
see original paper].

The construction of the subject-based patent early warning platform addresses
four key technical aspects: customized data collection, automatic classification,
data cleaning, and data analysis. The implementation flow of these key tech-
nologies is shown in Figure 3 [Figure 3: see original paper].

3.1 Data Collection

To achieve comprehensive monitoring, target patent data may originate from
different patent information websites with significantly varying content struc-
tures. Additionally, website updates and upgrades can cause changes in page
structures, imposing high adaptability requirements on the system. The patent
early warning platform must possess flexible analytical capabilities to automat-

chinarxiv.org/items/chinaxiv-201711.02024 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.02024

ChinaRxiv [$X]

ically analyze and collect web content from target patent information resources,
storing collected data locally according to pre-defined metadata. The system
primarily utilizes Apache’ s HttpClient to simulate browser functionality: (1)
HttpClient is encapsulated using the singleton pattern, and Double-Check is em-
ployed to resolve the issue of creating multiple instances during multi-threaded
collection, as shown in the “Initialize Simulated Browser” step in Figure 3.
(2) HttpClient simulates browser functionality to achieve collection. Differ-
ent patent information websites have varying retrieval rules; pre-customized
retrieval strategies are configured according to the target website’ s rules, and
data retrieval is performed based on these configured strategies during collec-
tion, similar to the manual retrieval process. (3) The jsoup component is used
to extract collected HTML-format data by configuring HTML element selectors
to establish one-to-one correspondence with DSpace metadata, thereby storing
patent information content locally in the configured metadata format.

3.2 Automatic Classification

To achieve classified management and early warning for various segments of
technology or industrial chains and different branches of industries, the auto-
matic classification and early warning function is essential for the patent early
warning platform. This study employs classification configuration to implement
automatic classification management. Classification configuration information is
stored using XML and associated with Communities and Collections in DSpace
to achieve classified data storage. First, Communities are used to implement
pre-defined classification settings for various segments of technology or indus-
trial chains and industry branches, facilitating front-end display on the patent
early warning platform. Second, Collections are used to define access classifi-
cations by setting matching rules for each collection, enabling collected data
to be classified and stored according to defined rules and thereby achieving
automatic classification of patent data. The implementation of automatic clas-
sification leverages DSpace’ s powerful search functionality: for data matching
preset classification rules, DSpace’ s built-in application programming interface
is used to move the data into the corresponding Collection.

3.3 Data Processing

Despite metadata normalization during the data collection phase, data from
various information websites still suffers from inconsistent cataloging formats
and non-uniform content expression. Therefore, data processing and cleaning
functions are indispensable for the subject-based patent early warning platform.
The open-source data processing tool OpenRefine [6] meets these requirements.
However, OpenRefine’ s data cleaning is not repeatable—a single data process-
ing procedure cannot serve as a template for subsequent processing. Secondary
development is required to templatize data cleaning, enabling automatic appli-
cation of identical processing to updated monitoring data and thereby avoiding
repetitive work. OpenRefine is project-based, and its internal processing records
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focus on data changes rather than operational steps, making it unsuitable as a
universal data processing rule. Through analysis, we discovered that Open-
Refine’ s data processing operates in a command-based pattern, where each
operation is a command. By persistently storing each command operation, we
can record OpenRefine’ s operational steps and then replay these stored steps on
different data, thereby achieving templated data processing using OpenRefine.

3.4 Data Analysis

After collection, classification, and cleaning, patent data is stored in high quality
within the patent early warning platform, enabling timely tracking. The plat-
form requires data analysis to deeply explore subject patent information and
achieve multi-dimensional early warning effects. While DSpace can perform
one-dimensional patent data analysis, such as statistical analysis of institutions,
inventors, and time periods, this study conducted secondary development to
enhance the platform’ s analytical capabilities for multi-dimensional combined
analysis. The subject-based patent early warning platform utilizes Solr’ s Facet
functionality as the foundation for data analysis development. One-dimensional
statistical analysis can directly employ Solr’ s Facet function, while the system
develops metadata display selection functions to enable customized front-end
interface displays. To implement customized combined analysis [5], analysis di-
mensions must first be determined. Second, in system implementation, statisti-
cal analysis is performed on the first dimension, followed by combined analysis
with the second dimension based on the resulting data subset. For example,
when analyzing trends of major institutions, the analysis combination of insti-
tution and year must be determined. The analysis requires a TOP query on
institutions to extract the subset of top institutions, then uses Facet’ s statisti-
cal function to analyze their annual data (specifiable as time intervals or discrete
values), and finally employs the integrated ECharts [7] for combined analysis
visualization. The subject-based patent early warning platform has conducted
preliminary exploration of text mining for content, integrating VOSviewer [8]
for thematic clustering analysis. However, the current clustering lacks sufficient
association with the data, which represents a problem to be addressed in future
work.

4. Application Practice

Using the construction practice of the extreme ultraviolet (EUV) lithography
technology patent early warning platform as an example, we illustrate the im-
plementation of the proposed patent early warning analysis platform. The EUV
lithography technology patent early warning platform can automatically collect,
update in real time, clean, and analyze EUV lithography patent data. Addi-
tionally, combining the actual requirements of EUV lithography technology, it
implements automatic classification functionality, as shown in Figure 4 [Figure
4: see original paper].

The subject-based patent early warning platform establishes unified metadata
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rules based on patent data characteristics (applicable to all patent data from
different sources). As shown in Figure 5 [Figure 5: see original paper], elements
such as name, metadata element, and metadata qualifier are unified for all patent
data. Data from different sources requires configuration of targeted HTML
element selectors to map them to the platform’ s metadata. Figure 5 illustrates
the metadata configuration for patent data from freepatentsonline in the EUV
lithography technology patent early warning platform, thereby achieving unified
platform data structure. The platform uses the patent application number (
“Application Number” ) as the unique identifier for data deduplication. At
this stage, the original dataset contained 7,356 records, which was reduced to
5,787 records after system deduplication. The platform monitors and presents
updated data in real time through the “Latest Submissions” module on the
homepage, achieving early warning tracking.

According to the classification tracking and management requirements of the
EUV lithography early warning platform (see Figure 4(a)), corresponding rules
are configured for each category, as shown in Figure 6 [Figure 6: see original
paper]. This enables automatic classification of patent data, with data unrecog-
nizable by rules supplemented through manual interpretation. The classification
management for EUV lithography technology can be navigated from the home-
page (see Figure 4(b)).

High-quality data is fundamental to obtaining accurate patent early warning
analysis results. After completing EUV lithography technology patent data col-
lection, the platform’s data processing function performs data cleaning to obtain
unified and standardized data. As shown in Figure 7 [Figure 7: see original pa-
per], the unprocessed EUV lithography technology patent data indicated that
Nikon owned 148 patents, which increased to 266 after processing, demonstrat-
ing that unprocessed data can mislead patent early warning results. The data
processing procedures of this patent early warning platform are automatically
saved, as shown in Figure 7, to facilitate subsequent real-time data updates.

With data processing rules established, the EUV lithography technology patent
early warning analysis platform can effectively achieve automatic collection, clas-
sification management, and real-time updates, and possesses high-quality data
for early warning analysis. The platform’ s analysis functions enable patent
early warning analysis for EUV lithography technology, with results flexibly
customizable for display on the platform homepage as navigation modules. The
homepage provides early warning analysis navigation modules for patent appli-
cation dates, applicants, inventors, etc. The platform supports two-dimensional
combined analysis, allowing users to freely combine dimensions for analysis and
visualization according to specific requirements, as shown in Figure 8 [Figure 8:
see original paper].

chinarxiv.org/items/chinaxiv-201711.02024 Machine Translation


https://chinarxiv.org/items/chinaxiv-201711.02024

ChinaRxiv [$X]

5. Future Work

The construction scheme of the subject-based patent early warning platform
provides a feasible customized solution for subject research, subject manage-
ment, and subject intelligence work that requires long-term subject tracking,
early warning analysis, and subject data reuse. This paper elaborates on the
construction scheme and technical implementation of the subject-based patent
early warning platform and validates its feasibility and effectiveness through
experimental analysis based on the construction process of the “Extreme Ul-
traviolet Lithography Patent Early Warning Analysis Platform.” The developed
“Subject-Based Patent Early Warning Platform” still requires improvements and
enhancements in several areas, such as: optimization of the underlying platform,
full automation of data processing, indicator-based data analysis, and implemen-
tation of content mining associations—these will be the focus of future practical
work.
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