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Abstract

[Purpose/Significance] This study investigates technological evolution from the
perspective of patent classification revisions, offering novel insights for techno-
logical evolution research. [Method/Process] First, based on the revision history
of Section H of the IPC classification scheme from 2009 to 2018, four types of re-
vision patterns are identified: newly added classifications, deleted classifications,
intra-class transfers, and inter-class transfers. Second, to address the cross-filed
documents generated by classification revisions, a reclassification method based
on the Word2vec+TextCNN model is proposed, thereby bridging old and new
versions of the classification scheme through reclassified patents. Finally, a pre-
liminary exploration of technological evolution is conducted by integrating the
revised classifications in Section H and the corresponding reclassified patents
from 2009 to 2018. [Results/Conclusion] The patent reclassification model ef-
fectively resolves the issue of cross-filed documents, provides a reference for
patent reclassification practices, and simultaneously bridges old and new ver-
sions of patent classification schemes. Integrating IPC classification revisions
with reclassified patents enables the analysis of primary technological evolution
directions embedded within classification revisions, thereby offering a new per-
spective for technological evolution research.
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Abstract: [Purpose/Significance] This study examines technological evolution
from the perspective of patent classification revision, offering new insights for
technology evolution research. [Method/Process] First, based on revisions to
Section H of the IPC classification table from 2009 to 2018, we identified
four revision types: new classification, deleted classification, intra-class trans-
fer classification, and inter-class transfer classification. Second, to address
the archived documents generated after classification revision, we proposed a
Word2vec+TextCNN model-based reclassification method for archived docu-
ments, enabling connection between old and new classification tables through
reclassified patents. Finally, we conducted preliminary exploration of technolog-
ical evolution by analyzing revised classifications in Section H and their reclassi-
fied patents from 2009 to 2018. [Result/Conclusion] The patent reclassification
model effectively solves the archived documents problem, provides reference for
patent reclassification work, and bridges old and new patent classification ta-
bles. Combined with IPC classification revision and reclassified patents, this
approach can analyze major technological evolution directions in classification
revisions, offering a new perspective for technology evolution research.
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Introduction

Technological evolution refers to the description of technological development
processes within a certain period, including technological development history,
current status, and future trends. This can be achieved through patent bib-
liometric analysis, text mining, and trend forecasting to describe technological
evolution and grasp technological development trajectories. Existing research
methods for studying technological evolution based on patent analysis can gen-
erally be divided into two categories: (1) technology evolution research based on
patent metadata, such as statistical ranking of patent quantities, application re-
gions, and applicants, or analysis of patent classification co-occurrence relation-
ships and patent citation relationships. These studies focus on analyzing trends
or relationships in patent external bibliographic items over time. For example,
Xie Shoufeng established a research framework for technological evolution from
perspectives such as patent application volume and applicants'. Liu Yun et
al. analyzed global carbon nanotube technology innovation characteristics by
combining two-dimensional matrices of patent application volume and growth
rate with country/region and institution data, along with patent quality anal-
ysis?. J. Suzuki et al. analyzed technological evolution trajectories using IPC
main classifications, extended classifications, and JPO-specific “facet codes™?.
(2) Technology evolution research based on patent content, often employing nat-
ural language processing and text mining techniques to analyze thematic content
and thematic intensity evolution. For instance, Liao Liefa et al. combined LDA
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topic models with IPC classifications to analyze thematic intensity, thematic
content, and technological topic intensity*. Chen Wei et al. combined LDA and
HMM models to analyze technology theme evolution®. J. Yoon et al. analyzed
technology trends based on SAO semantic structures®. H. Sasaki et al. studied
technology convergence and identified technology opportunities through IPC
co-occurrence over time series’. In these two types of research, some studies
use patent classifications as metadata for technology evolution research, while
others use them as technological content.

Technology evolution research using patent classifications as metadata often
analyzes technology status and trends from statistical and co-occurrence per-
spectives of classification numbers, examining characteristics such as classifica-
tion quantity, frequency, and co-occurrence network relationships. For exam-
ple, J. Zheng et al. analyzed China’s industrial and technological development
from 2003 to 2008 by counting USPC numbers in six industries®. X. Zhou et
al. tracked technological development paths through patent classification num-
bers?. S. Jun judged technology trends by mining association rules of patent
classifications'®. Huang Bin et al. identified technology correlation characteris-
tics based on patent classification co-occurrence!!. J.K.C. Chen et al. studied
solar cell technology evolution in Japan, the United States, and other coun-
tries /regions through composite networks of patents and patent classifications'2.
Li Ruixi and J. Kraft et al. used centrality, structural holes, and broker meth-
ods in classification co-occurrence networks to identify core technologies, inter-
mediary technologies, and emerging technologies in technology correlation net-
works'3~ 14, Additionally, many studies use patent classifications as technologi-
cal content for technology theme evolution. For example, Fang Shu et al. used
classification numbers instead of keywords to cluster classification-document ma-
trices based on semantics, thereby studying technology evolution'®. Wu Hong
et al. proposed a WI-LDA model using IPC classifications as technical context
to improve the low topic identification and weak interpretability of traditional
LDA models!®. Lei Tao and Miao Hong et al. studied cross-domain technology
correlation characteristics using main IPC and additional IPC flows as knowl-
edge flows!7 18,

Currently, regardless of whether patent classifications are used as metadata or
technological content for technology evolution research, most studies directly
use the patent classification system as an established knowledge system, rarely
considering that the patent classification system is also revised with technolog-
ical evolution. Therefore, research exploring technological evolution from the
perspective of patent classification revision is limited. F. Lafond et al. stud-
ied the long-term dynamics of USPC from three aspects: patent classification
quantity, classification scale, and reclassification'®. The RAND Corporation de-
termined the leading or following position of patent holders in technology fields
based on the timing of new patent classifications?’. C.C. Wang studied tech-
nology evolution based on five types of U.S. patent reclassifications?!. Wang
Wenjing discussed the correlation between key technologies in the new energy
vehicle industry and patent classification revisions??. Niu Li et al. described

chinarxiv.org/items/chinaxiv-202304.00528 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00528

ChinaRxiv [$X]

technology changes from IPC revisions in the air conditioning field??, represent-
ing rare research focusing on technological evolution from the perspective of
patent classification revision.

This article proposes the proposition of technology evolution research based on
IPC classification revision, designs a patent reclassification model to achieve au-
tomatic patent reclassification, and uses reclassified patents to connect old and
new IPC classification systems. The intention is to describe technology evolu-
tion by combining revised classifications and reclassified patents, representing
technology evolution results through comparison of revision results between old
and new classification tables, and representing the technology evolution process
through the reclassification process of archived documents—where patents under
revised classifications are transferred from old classifications to new ones. This
study of technology evolution through IPC classification revision and patent
reclassification can, on the one hand, enrich the methodology system of tech-
nology evolution research and provide new perspectives; on the other hand, the
patent reclassification method proposed in this article provides implementation
methods and pathways for technology evolution research based on IPC clas-
sification, offering ideas for WIPQO’s patent reclassification work and thereby
improving IPC classification’s function as a tool for patent literature retrieval
and management.

1 IPC Classification and Its Revisions

The IPC classification was compiled according to the Strasbourg Agreement
signed in 197124, The World Intellectual Property Organization (WIPO) be-
lieves that “to maintain the IPC classification as an effective tool for patent
literature retrieval and management, it must be dynamic and require continu-
ous revision”?°. Currently, the IPC classification has been updated to the eighth
edition, which has been in use since 2006 and has been revised more than ten
times. Since 2009, WIPO has uniformly published new versions on January 1
each year. The historical versions of IPC classification and their effective dates
are shown in Table 1 .

IPC revision content includes classification numbers, classification titles (official
notes), indexes, notes, and references. Among these, classification numbers and
titles determine the scope of technology, while indexes, notes, and references are
guiding information for using the IPC classification table. However, revisions
to indexes, notes, and references do not involve technological changes. There-
fore, this article only focuses on revisions to classification numbers and titles,
summarizing four types of IPC classification revisions based on this:

(1) New Classification: This refers to directly subdividing existing classi-
fication numbers. When technological development enables a technology
theme represented by an existing classification to be subdivided in a more
refined manner, new classifications are needed. As shown in Figure 1 [Fig-
ure 1: see original paper], the revision of the H01L33/00 main group is an
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example of new classification.

(2) Deleted Classification: This refers to deleting old classification numbers
in the new classification table, typically migrating the deleted classification
to other positions in the classification table. The migration results mani-
fest in two situations: first, direct migration to other classifications (i.e.,
merging the classification with others); second, changing the classification
number while the technology theme remains unchanged.

(3) Intra-class Transfer Classification: This refers to migrating classifi-
cation numbers within a class, judged by the criterion that the original
classification number is deleted and its technology theme is transferred to
a new classification number with the same superior class as the original.
As shown in Figure 2 [Figure 2: see original paper], the revision of the
HO4H subclass is an example of intra-class transfer.

(4) Inter-class Transfer Classification: This refers to migrating classifi-
cation numbers between classes, judged by the criterion that the original
classification number is deleted and transferred to a new classification
with a different superior class. As shown in Figure 3 [Figure 3: see origi-
nal paper], the revision of the H02S subclass is an example of inter-class
transfer.

From the perspective of WIPO’s current workflow and mechanisms, patents
already classified are not reclassified after patent classification revision. This
creates “archived documents”—patents that, due to IPC classification revision,
do not have their classification numbers adjusted accordingly. Therefore, when
using new classification numbers for patent retrieval, patent literature using
old classification numbers cannot be returned as search results to users. These
patents that are not reclassified with classification revision become archived doc-
uments. Archived documents cause discontinuity between different classification
versions when studying technology evolution based on IPC classification revi-
sion, meaning old and new versions cannot be connected before and after revi-
sion. Consequently, relying solely on pre- and post-revision classification tables
can only observe technology evolution results but cannot describe the technology
evolution process. In view of this, this article designs a Word2vec+TextCNN
model-based reclassification method for archived patent documents. By reclassi-
fying archived documents, we establish mapping relationships between old and
new patent classifications and use reclassified patents to describe patent flow
information after classification revision, thereby describing the technology evo-
lution process.

2 Data Sources and Research Methods
2.1 Data Sources

As mentioned above, the eighth edition of the IPC classification table is currently
the latest version, and since 2009, new versions have been uniformly updated
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on January 1 each year. Therefore, this study selects 2009-2018 as the research
time window. Additionally, comparing the revision frequencies of sections A-
H in the IPC classification table from 2009 to 2018, Section H was revised 20
times—the most among all sections—indicating rapid technological innovation
and development in the electrical field (Section H). Using Section H data for
case study makes it easier to identify characteristics of technological evolution.
Therefore, this article selects revised classifications in Section H of the eighth
edition IPC classification table as the entry point, using patents published under
Section H revised classifications during 2009-2018 as the data source.

2.2 Patent Reclassification Model

Patent reclassification is essentially automatic text classification of archived
documents. This article proposes a Word2vec+TextCNN model-based patent
reclassification method to solve the archived documents problem after patent
classification revision through machine learning models.

Word2vec is a word embedding calculation tool open-sourced by Google in 2013.
As a type of word embedding, it is an unsupervised learning model that embeds
words into a mathematical space?%. Simply put, Word2vec can be trained on a
given corpus to obtain a pre-trained model that outputs vector representations
of all words appearing in the corpus. Based on these vectors, relationships
between words can be calculated, such as similarity and semantic associations.

The TextCNN model was proposed by Y. Kim in the paper “Convolutional
Neural Networks for Sentence Classification” in 2014%7. This algorithm uses
Convolutional Neural Networks (CNN) for text classification tasks, employing
multiple kernels of different sizes to extract key information from sentences,
thereby better capturing local correlations.

This article proposes a Word2vec+TextCNN model-based patent reclassification
method, which mainly includes data retrieval, data acquisition, data preprocess-
ing, text segmentation, Word2vec model training, patent text vectorization,
TextCNN model training, and patent reclassification. The complete technical
implementation process is shown in Figure 4 [Figure 4: see original paper]:

(1) Data Retrieval and Acquisition: Using WIPO’s published revised clas-
sifications as search criteria, we selected the Incopat patent database as
the data source. Incopat’s automatic translation function can translate
foreign patents into Chinese, facilitating subsequent Chinese patent text
processing. Therefore, we retrieved and obtained patent literature collec-
tions from the Incopat database.

(2) Chinese Word Segmentation and Stop Word Removal: We used
the jieba segmentation tool for Chinese word segmentation, removing stop
words such as punctuation marks, special characters, and modal particles.
The segmented Chinese titles and abstracts after stop word removal serve
as the training corpus for the Word2vec model.

chinarxiv.org/items/chinaxiv-202304.00528 Machine Translation


https://chinarxiv.org/items/chinaxiv-202304.00528

ChinaRxiv [$X]

(3) Word2vec Model Training: We used the gensim NLP package in
Python to train Word2vec, with input corpus being the segmented patent
titles and abstracts from step (2), saving the trained Word2vec model.

(4) Dataset Division: Using IPC classification revision time as the bound-
ary, patents published before the revision time are archived patent docu-
ments (the task dataset for reclassification), while patents published after
the revision time point are training data.

(5) Training Data and Task Data Segmentation and Stop Word Re-
moval: Perform word segmentation and stop word removal operations
separately on training data and task data.

(6) Text Vectorization: Call the trained Word2vec model from step (3) to
calculate patent text vectors for both training and task data, serving as
training corpus for the TextCNN model.

(7) TextCNN Model Training: Use tensorflow tools to build the Text CNN
model, with the segmented training corpus from step (6) as model input to
train the patent reclassification model. During training, randomly select
80% of training data as the training set for generating model parameters,
and the remaining 20% as the test set for model effectiveness. We use this
approach to calculate model accuracy because WIPO has not yet reclas-
sified archived documents, making it impossible to obtain professionally
labeled data (manually reclassified by classification examiners) for model
performance validation.

(8) Reclassification: Use the trained reclassification model to reclassify the
task dataset (archived documents) from step (4) and save the reclassifica-
tion results. Table 2 shows examples.

2.3 Model Performance Evaluation

Reclassification model performance can be evaluated using common machine
learning metrics such as accuracy and loss function. Accuracy represents the
proportion of correctly classified samples, directly measuring text classification
model effectiveness. Higher accuracy indicates better model performance.

The loss function calculates the distance between predicted and true values
after classification. Larger gaps between predictions and true values result in
larger loss function values, requiring model optimization to reduce loss. Smaller
loss function values indicate better model performance. This article uses the
L2 norm loss function, also known as Least Squares Error (LSE), obtained
by calculating the minimum sum of squared differences between predicted and
true values. The formula is as follows, where y_i and x_ i represent true and
predicted values respectively:
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As shown in Figure 5 [Figure 5: see original paper]|, the horizontal axis rep-
resents model training steps, and the vertical axis represents model accuracy.
As training steps increase, model accuracy continuously improves. At approxi-
mately 1,200 steps, model accuracy approaches 80%, with a maximum accuracy
of 82%. Compared with current patent text automatic classification research,
this accuracy is relatively high, indicating that the proposed patent reclassifica-
tion model can effectively reclassify archived documents. As shown in Figure 6
[Figure 6: see original paper]|, the horizontal axis represents training steps, and
the vertical axis represents loss function values. As training steps increase, the
loss function value continuously decreases. After 1,000 steps, the loss function
curve converges, with values below 0.5, indicating the trained model gradually
approaches optimal state and achieves optimal accuracy. Considering both ac-
curacy and loss function curves, the reclassification model in this study has
achieved high accuracy—approximately 80% classification accuracy—providing
data quality assurance for subsequent technology evolution analysis using reclas-
sified patents.

3 Technology Evolution Analysis in IPC Classification Re-
visions: The Case of Section H

3.1 Application Trend Analysis

First, we analyze patent publication trends in Section H. The left panel of Figure
7 [Figure T: see original paper] shows patent publication trends for Section H,
revised classifications, and unrevised classifications from 2009 to 2018. Section
H patent publications show a yearly upward trend. Unrevised classification
publications in Section H grew slightly from 2011 to 2014. Revised classification
publications grew steadily from 2009 to 2014, then grew rapidly after 2014. The
trend line for revised classification patents roughly follows the same pattern
as the overall Section H trend, indicating that Section H patent publication
changes are significantly influenced by revised classification publication changes.
Regarding the proportion of revised versus unrevised classification patents in
Section H, the right panel of Figure 7 [Figure 7: see original paper] shows
that before 2014, the proportions remained relatively stable, with unrevised
classifications accounting for approximately 76% of all Section H publications.
After 2014, the proportion of unrevised classifications in Section H &£ T,
dropping to about 60% by 2018, while the proportion of revised classifications
increased from 24% in 2009 to 40% in 2018, demonstrating rapid development
in technologies represented by revised classifications.
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3.2 Technology Evolution Analysis of New Classifications

New classifications can represent new developments in technology fields. When
new technologies emerge that cannot be covered by existing classifications, new
classifications are added to represent technological advances.

As shown in Table 3 , within the 10-year window of 2009-2018, Section H’s
new classifications concentrated in three areas: HO1 (basic electrical elements),
HO02 (generation, conversion, or distribution of electric power), and H04 (elec-
tric communication technique), involving HO1F (magnets; inductances; trans-
formers; selection of materials for their magnetic properties), HO1G (capacitors;
rectifiers, detectors, switching devices, light-sensitive or temperature-sensitive
devices), HO1L (semiconductor devices), HO1M (conversion of chemical energy
into electrical energy, e.g., batteries), HOIR (electrically-conductive connec-
tions; connecting arrangements of electric components), HO1Q (aerials), HO2K
(electric motors), HO2P (control or regulation of electric motors, generators,
or dynamo-electric converters), HO3K (pulse technique), H0O4B (transmission),
HO4L (transmission of digital information, e.g., telegraphic communication),
and HO4N (pictorial communication, e.g., television). Table 3 data shows that
HO1L (semiconductor devices) and HOIM (conversion of chemical energy into
electrical energy, e.g., batteries) accounted for the largest proportions of patent
publications among Section H’s new classifications from 2009 to 2018, at 24.78%
and 24.83% respectively, indicating significant technological innovation in these
fields. Next were HO4L (transmission of digital information, e.g., telegraphic
communication) and HO4N (pictorial communication, e.g., television), account-
ing for 16.49% and 17.36% respectively. Patent publications for new classifica-
tions in remaining subclasses were all at or below 5%.

3.3 Technology Evolution Analysis of Deleted Classifications

In technological development, while new technologies emerge, old technologies
are also eliminated and become obsolete. When old classification methods no
longer suit new technological development, old classifications are deleted from
the classification table. Therefore, deleted classifications can represent elimi-
nated or obsolete technologies.

As shown in Table 4 , deleted classifications in Section H from 2009 to
2018 mainly involved four technology fields: HO1 (basic electrical elements),
HO02 (generation, conversion, or distribution of electric power), H03 (basic
electronic circuitry), and H04 (electric communication technique), including
HO1G (capacitors; rectifiers, detectors, switching devices, light-sensitive or
temperature-sensitive devices), HOIH (electric switches, relays, selectors,
emergency protective devices), HO1J (discharge tubes or discharge lamps),
HO1L (semiconductor devices), HOIM (conversion of chemical energy into
electrical energy, e.g., batteries), HO1Q (aerials), HOIR (electrically-conductive
connections), HO2K (electric motors), HO2N (electric machines not otherwise
provided for), HO3F (amplifiers), HO04B (transmission), HO04J (multiplex
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communication), HO4L (transmission of digital information, e.g., telegraphic
communication), HO4AN (pictorial communication, e.g., television), H04Q (se-
lecting), and HO4W (wireless communication networks). Among these, HOAN
(pictorial communication, e.g., television), HO4W (wireless communication
networks), and HO4L (transmission of digital information, e.g., telegraphic
communication) accounted for 26.11%, 25.64%, and 21.38% respectively—the
largest proportions—indicating more eliminated or obsolete technologies in
these fields. In other subclasses, only HO1L (semiconductor devices) accounted
for 6% of patent publications, with remaining subclasses all below 5%.

3.4 Technology Evolution Analysis of Intra-class Transfer Classifica-
tions

Section H intra-class transfer classifications from 2009 to 2018 mainly involved
classifications in HO1 (basic electrical elements) and HO4 (electric communica-
tion technique), including the HO1R12/00 main group (electrically-conductive
connections for printed circuits, flat or ribbon cables) revised in 2011, the
HO01R24/00 main group (two-part coupling devices) revised in 2011, the
HO01J11/00 main group (gas-filled discharge tubes with AC-induced discharge,
e.g., AC-PDP) revised in 2012, and the H04N13/00 main group (stereoscopic
video systems; multi-viewpoint video systems; parts thereof) revised in 2018.

The revision and technology evolution of the HO1R12/00 main group
(electrically-conductive connections for printed circuits, flat or ribbon cables)
are shown in Figures 8 [Figure 8: see original paper| and 9 [Figure 9: see
original paper]. The HO01R12/00 revision adjusted its lower-level subgroups,
adding more detailed technical branches. In Figure 9, the left side shows the
pre-revision technology classification and patent volume, the right side shows
the post-revision classification and patent volume, and the connecting lines
represent connections between old and new versions through reclassification
(same below). This shows that HO1R12/71 (coupling devices for rigid printed
circuits or similar structures) is the main technology evolution direction after
classification revision, accounting for approximately 59.61% of patents in the
HO01R12/00 main group from 2009-2010. Next is HO1R12/70 (coupling devices),
accounting for about 25.9%.

The revision of the HO1R24/00 main group (two-part coupling devices) deleted
all subgroups in the old classification and redefined new subgroups. The pre- and
post-revision technology structures are shown in Figure 10 [Figure 10: see orig-
inal paper]. Technology evolution results in Figure 11 [Figure 11: see original
paper] show that HO1R24/38 (with coaxial or coaxial arrangement of contacts),
HO01R24/00 (two-part coupling devices), and H01R24/00 (two-part coupling de-
vices) are the main technology evolution directions, with patent proportions of
approximately 27.37% and 25.33%.

The H01J11/00 main group (stereoscopic video systems; multi-viewpoint
video systems; parts thereof) revision transferred subgroups H01J11/02 and
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HO01J11/04 to HO1J11/10-H01J11/54 in the 2012 IPC classification. The pre-
and post-revision technology structures and technology evolution are shown
in Figures 12 [Figure 12: see original paper| and 13 [Figure 13: see original
paper]. Among these, H01J11/22 (electrodes for gas-filled discharge tubes, e.g.,
special shape, material, or construction) and H01J11/46 (discharge tubes with
liquid-pool cathodes structurally associated with one or more circuit elements)
are the main technology evolution directions, with patent proportions of
approximately 53.34% and 17.72% respectively.

The H04N13/00 main group (stereoscopic video systems; multi-viewpoint
video systems; parts thereof) revision transferred H04N13/02 and H04N13/04
to HO04N13/10-H04N13/198 in the 2018 IPC classification. The pre- and
post-revision technology structures and technology evolution are shown in
Figures 14 [Figure 14: see original paper| and 15 [Figure 15: see original paper].
Technology evolution results show that HO04N13/30 (image reproducers),
HO04N13/20 (image signal generators), and H04N13/10 (processing, recording,
or transmission of stereoscopic or multi-viewpoint image signals) are the main
technology evolution directions, with patent proportions of approximately
25.92%, 13.03%, and 10.13% respectively.

3.5 Technology Evolution Analysis of Inter-class Transfer Classifica-
tions

Section H inter-class transfer classifications from 2009 to 2018 mainly involved
classifications in H02 (generation, conversion, or distribution of electric power)
and HO4 (electric communication technique), including HO4W (wireless commu-
nication networks) revised in 2009, HO4N21/00 (selective content distribution,
e.g., interactive television or video on demand) revised in 2011, and H02S (gen-
eration of electric power by conversion of infrared radiation, visible light, or
ultraviolet light, e.g., using photovoltaic [PV] modules) revised in 2014.

The HO4W subclass was created by transferring the H04Q7/00 main group to the
HO04W subclass. The pre- and post-revision technology structures and technol-
ogy evolution are shown in Figures 16 [Figure 16: see original paper] and 17 [Fig-
ure 17: see original paper|. Among these, H04W4/00 (services specially adapted
for wireless communication networks; facilities therefor), HO4W4/02 (services
using location information for wireless communication networks), H04W4 /12
(messaging; mailboxes; announcements), H04W4/16 (supplementary services,
e.g., call transfer or call hold), and H04W4/06 (broadcast or multicast services,
e.g., multimedia broadcast multicast service [MBMS]; to groups of users; one-
way selective calling) are the main technology evolution directions, with patent
proportions of approximately 48.16%, 10.44%, 10.54%, 7.47%, and 6.65% re-
spectively.

The H04N21/00 main group revision transferred H04N7/58, H04N7/60, and
HO04N7/62 to H04N21/00. The pre- and post-revision technology structures
and technology evolution are shown in Figures 18 [Figure 18: see original pa-
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per| and 19 [Figure 19: see original paper|. Among these, H04N21/43 (reception
or interaction with content at the user’s home terminal), H04N21/242 (synchro-
nization processes, e.g., processing of program clock references) are the main
technology evolution directions, accounting for 13.12% and 10.0% respectively.

The HO2S subclass revision transferred the H02N6/00 and HO01L31/045 and
HO01L31/058 subclasses to the HO2S subclass. The pre- and post-revision tech-
nology structures and technology evolution are shown in Figures 20 [Figure
20: see original paper| and 21 [Figure 21: see original paper|. Among these,
H02S520/32 (specially adapted support structures for solar tracking PV mod-
ules), H02540/22 (light-reflecting or light-concentrating devices for PV mod-
ules), and H02530/20 (foldable PV modules) are the main technology evolution
directions, accounting for approximately 12.47%, 9.74%, and 6.73% respectively.

Conclusion

Technology evolution has a complete research system, but studies from the per-
spective of patent classification revision are limited. This article conducts pre-
liminary exploration from this angle. First, starting from patent classification re-
vision, we summarized four revision types based on Section H IPC revisions from
2009 to 2018: new classification, deleted classification, intra-class transfer classi-
fication, and inter-class transfer classification. We also introduced the concept of
“archived documents” generated after classification revision. Second, to address
the discontinuity between old and new patent classification tables caused by
archived documents, we proposed a Word2vec+TextCNN model-based patent
reclassification method. By reclassifying archived documents, we connected old
and new patent classification tables. Finally, by analyzing changes in tech-
nology structure before and after revision and conducting statistical analysis of
reclassified patents, we described major technology evolution directions in classi-
fication revisions. This study not only provides new perspectives for technology
evolution research and expands the technology evolution research system, but
also offers reference for archived document reclassification work, representing a
beneficial exploration.

This study has several limitations: First, it fails to provide a panoramic descrip-
tion of technology evolution in Section H or realize a “technology evolution
panorama” through visualization, instead interpreting revised classifications
from 2009-2018 separately, lacking comprehensiveness and integrity. Second,
the Word2vec+TextCNN model accuracy currently only reaches about 80%, and
reclassification accuracy needs improvement, which significantly impacts the ac-
curacy of technology evolution intelligence provided in this study. Finally, the
study fails to propose measurement indicators for describing technology evolu-
tion, using only proportions to describe major technology evolution directions,
making it difficult to deeply reveal technology evolution information. Future
work should further improve this.
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