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Abstract
The 14th Five-Year Plan proposes the strategic goals and tasks for building
a strong intellectual property nation, and for the first time incorporates the
protection and incentivization of high-value patents into the main objectives of
China’s economic and social development, making the identification of high-
value patents of significant importance. Based on BERTopic model’s identi-
fication of novelty topics, this study constructs a corresponding catastrophe
progression model grounded in an indicator evaluation system covering four di-
mensions—legal, technical, economic, and inventor—to conduct comprehensive
assessment of patents. The identified high-value patents are verified through
patent text analysis, emerging industry comparison, and patent market value.
The results demonstrate that the high-value patents screened by this method are
consistent with relevant data, constituting an effective approach for high-value
patent identification.

Full Text
Identification of High-Value Patents from a Mutation Per-
spective: A Case Study of Patents in the “Nanomedicine”
Field
Abstract

The 14th Five-Year Plan outlines the objectives for building a strong intellectual
property nation in China, marking the first time that protecting and incentiviz-
ing high-value patents has been included as a primary goal in the nation’s
economic and social development, which highlights the critical importance of
identifying high-value patents. This study develops a mutation series model
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based on the BERTopic model to identify novel topics, constructing a compre-
hensive evaluation system from four dimensions—legal, technical, economic, and
inventor-related indicators—to conduct a holistic assessment of patents. The
identified high-value patents are validated through patent text analysis, com-
parison with emerging industries, and examination of patent market value. The
results demonstrate that the high-value patents selected through this method
are consistent with findings from relevant sources, confirming the effectiveness
of this approach for high-value patent identification.

Keywords: high-value patent; BERTopic; mutation series method; index sys-
tem; content analysis

1. Related Research
1.1 Definition of High-Value Patents

The concept of high-value patents can be traced back to a survey study con-
ducted by European scholar Sanders in 1958. Research has found that only a
small percentage of patents achieve licensing transfer and industrial application,
while also revealing significant differences in commercialization value among
patents. High-value patents refer to effective invention patents that align with
national strategic industrial development directions and possess high quality
and value. Such patents typically exhibit characteristics of high technical value,
high economic value, and high market value. During the 14th Five-Year Plan pe-
riod, China has included the number of high-value invention patents per 10,000
population as a key indicator, with the current number reaching 12.9, indicat-
ing that high-value patents generate substantial value for society. The core task
of current high-value patent work involves establishing a scientific evaluation
methodology system to efficiently identify high-value patents.

1.2 High-Value Patent Evaluation Indicator Systems

A scientifically sound evaluation indicator system forms the core of patent value
assessment models. Existing research predominantly considers legal, technologi-
cal, and economic dimensions comprehensively, with few studies treating inven-
tor characteristics as a separate dimension. However, patent inventors serve as
the core force in patent creation, and their professional levels and collaboration
patterns exert non-negligible effects on patent value. Studies have shown that
the number of inventors, whether they collaborate with enterprises, and other
factors impact patent value, though some scholars argue these relationships are
not significant. Despite differing views on the direction and magnitude of im-
pact, these indicators remain important for patent value assessment.

From a legal perspective, the number of claims, independent claims, and patent
family size positively correlate with patent value. The number of claims reflects
the richness of technical features, while patent families indicate international
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protection scope. From a technical viewpoint, citation counts, cited frequency,
and specification pages serve as value indicators, with high-value patents typi-
cally receiving more subsequent citations. From an economic perspective, trans-
fer frequency, litigation frequency, remaining validity period, and emerging in-
dustry classification significantly affect patent value. Some scholars argue that
transfer frequency correlates with value, while others suggest high-value patents
are often state-protected with restricted transfers. The remaining validity pe-
riod reflects market lifespan, and alignment with emerging industries indicates
technological impact.

1.3 High-Value Patent Evaluation Methods

Traditional patent value assessment methods primarily include Analytic Hier-
archy Process and fuzzy evaluation methods, which rely heavily on subjective
judgment. Machine learning methods help identify high-value patent character-
istics and construct value models, avoiding limitations of subjective evaluation.
Researchers have employed various models including self-organizing maps, sup-
port vector machines, random forest, convolutional neural networks, and graph
neural networks for patent value detection, all demonstrating high accuracy.
Studies have found positive relationships between patent novelty and value,
though some argue that excessive novelty may increase costs, requiring fur-
ther investigation. Current mainstream approaches combine multi-dimensional
measurement with machine learning methods.

BERTopic enables automated identification of potential topics through topic
modeling and mapping. In practice, enterprises should establish comprehensive
patent management systems, continuously improve patent quality and value
through ongoing innovation and technological advancement, thereby maintain-
ing competitive advantages.

2. Research Design
2.1 Framework and Approach

This study constructs an innovative patent value assessment model that in-
tegrates BERTopic for novelty identification and mutation series method for
comprehensive evaluation. The research framework involves dividing the col-
lected patent dataset into a control window (2011-2020) and an experimental
window (2021-2023). Patent titles and abstracts undergo topic extraction, with
domain-specific keyword dictionaries and technology keywords used for tokeniza-
tion and stop-word removal. The model iteratively determines optimal topic
numbers, converts topic words to vectors using Word2vec, calculates similar-
ity between topics across time windows, and identifies novel topics based on
similarity thresholds.
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2.2 Indicator System Construction

Drawing from the Patent Evaluation Guidelines (GB/T 42748-2023) issued by
the China National Intellectual Property Administration and existing research,
this study introduces inventor characteristics alongside legal, technical, and eco-
nomic dimensions to construct a comprehensive evaluation system comprising 4
primary dimensions and 16 specific indicators.

Legal Dimension: Includes quantifiable indicators such as claim stability, pro-
tection scope, claim reasonableness, infringement determinability, claim types,
and technical feature attributes. Patent family data reflects international pro-
tection scope, while independent claims, claim structure, and technical feature
count indicate protection reasonableness.

Technical Dimension: Encompasses technical advancement (citations, cited
frequency), technical scope (IPC classification count, technical field quantity),
technical independence (background technology description, standalone applica-
bility), and specification pages.

Economic Dimension: Covers market control (patentee’s patent portfolio,
remaining economic lifespan), policy adaptability (policy support level, indus-
try approval requirements), and patent operation status (transfer/licensing fre-
quency).

Inventor Dimension: Includes inventor quantity, professional titles, admin-
istrative positions, patent authorization counts, and enterprise collaboration
experience. First inventers with senior professional titles or administrative posi-
tions, as well as collaboration with enterprises, positively correlate with patent
value.

2.3 Mutation Series Method for Patent Value Assessment

The mutation series method conducts comprehensive evaluation through
bottom-up hierarchical ranking. This approach combines catastrophe theory
with fuzzy functions, using normalized formulas to characterize indicator
relationships while reducing subjectivity compared to multivariate statistical
methods. The method involves identifying mutation system types (fold, cusp,
swallowtail, butterfly, Indian hut) based on control variable counts, with corre-
sponding potential functions. During normalization, the non-complementary
principle applies when control variables lack mutual compensation, using nor-
malized formulas for evaluation. This study employs random forest algorithms
for indicator weight analysis to determine mutation system types at each
hierarchy.

2.4 Validation Approach

For identified high-value patents, this study employs multi-level validation: (1)
Text analysis of high-value patents to examine emerging technology themes; (2)
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Cross-analysis with emerging industry classifications to verify alignment with na-
tional policy directions; (3) Market value verification through transfer frequency
analysis, as transferred patents typically possess higher recognized value.

3. Empirical Analysis
3.1 Data Collection and Preprocessing

Using the Innojoy patent database as the data source, this study employs the
following search strategies: TA=(‘nanomedicine’OR ’nanomaterial drug’OR
‘nanodrug’OR ’nano-drug’OR ’nano drug*’), with a timeframe from 2011-2023
and authorized patents only. After removing duplicates and invalid patents, the
data is divided into a control group (2011-2020) and experimental group (2021-
2023). Missing value treatment, forward/backward indicator processing, and
min-max normalization are performed following established methods.

3.2 Novelty Patent Screening

Patent titles and abstracts from both time windows undergo topic extraction
using BERTopic. The model generates 11 topics for the control window and 12
for the experimental window. Topics with high c-TF-IDF values are selected
as effective topics. Similarity between topic word vectors is calculated using
Word2vec trained on Chinese Wikipedia corpus. Topics with similarity below
the mean are identified as novel, with Topic0, Topic6, and Topic8 from the
experimental window showing high novelty.

3.3 Patent Value Assessment Based on Mutation Series Method

Secondary indicators under each dimension are aggregated to calculate primary
indicators. Random forest algorithms determine indicator weights and iden-
tify mutation system types. The legal and technical dimensions use the Indian
hut mutation system, the economic dimension uses the butterfly mutation sys-
tem, and the inventor dimension also employs the Indian hut mutation system.
After standardizing the data, normalized formulas are applied following non-
complementary principles. Patents ranking in the top 10% of comprehensive
scores are designated high-value patents.

3.4 High-Value Patent Text Theme Validation

A corpus of high-value patent texts is constructed and preprocessed. TF-IDF cal-
culations identify key terms with high discriminative power. Analysis of the top
6 high-value patents reveals five core themes: (1) Carrier functionalization and
surface modification, (2) Peptide modification technology, (3) Composite ma-
terial preparation technology, (4) Nanomaterial biological barrier mechanisms,
and (5) Natural biological nanomaterials. These themes align with frontier
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research and national policies, including the National Nanomedicine Quality
Control Research Technical Guidelines and the National Key R&D Program.

3.5 Strategic Emerging Industry Classification Cross-Analysis

High-value patents are analyzed against the Strategic Emerging Industry Classi-
fication (2018). The identified patents align with categories such as biomedical
materials, drug controlled-release systems, and medical polymer materials, con-
firming their relevance to national strategic directions.

3.6 High-Value Patent Market Value Verification

Analysis of transfer records shows that 60% of identified high-value patents have
transfer frequencies �1, indicating significant market recognition and economic
value. This validates the effectiveness of the assessment model.

[Figure 3: see original paper] Topic distance maps for (a) 2011-2020 and (b)
2021-2023, showing topic similarity and novelty identification.

4. Conclusion
This study constructs a systematic identification and evaluation framework for
high-value patents, integrating BERTopic and mutation series methods to pro-
vide valuable references for emerging technology patent research. Methodologi-
cally, BERTopic extracts patent topics and their keywords, identifying novelty
from a technical content perspective and providing new pathways for high-value
patent screening. The indicator system expands traditional evaluation dimen-
sions by incorporating inventor characteristics, enhancing scientific rigor and
comprehensiveness. The selected indicators accurately reflect patent value, im-
proving assessment precision and reliability.

The study identifies high-value patents in the nanomedicine field and validates
them through in-depth analysis of policy documents and frontier literature.
The identified themes demonstrate consistency with cutting-edge research and
national policies, confirming the effectiveness and accuracy of the evaluation
methodology. Future research can further explore multi-dimensional innova-
tions, expand application domains, and refine the evaluation framework.
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