engineering
proceedings

Proceeding Paper

Current Status and Implications of AI Applications in the

Ceramics Field from the Patent Perspective

T

Minhui Tong *© and Chaolan Ma 2

W) Check for updates

Academic Editor: Marco Ceccarelli

Published: 1 July 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons

Attribution (CC BY) license.

School of Economics, Management and Law, Jingdezhen Ceramic University, Jingdezhen 333000, China
School of Economics, Guangdong University of Technology, Guangzhou 510520, China

Correspondence: tongminhui@jcu.edu.cn

Presented at the 3rd International Electronic Conference on Machines and Applications, 12-14 May 2026;
Available online: https://sciforum.net/event/IECMA2026.

-+ ¥ N =

Abstract

Against the background of intelligent manufacturing transformation, this study examines
Al applications in the ceramics field through 3773 patent documents retrieved from the In-
coPat Global Patent Database for 2014-2024. It analyzes patent trends, geographical distri-
bution, legal status, applicants, IPC classifications, and research hotspots. The results show
that patent-document activity increased overall from 2014 to 2021, while 2023-2024 data
should be interpreted cautiously because of publication lag and possible database incom-
pleteness. China accounts for the largest share of documents in the retrieved dataset, in-
dicating concentrated patent disclosures rather than definitive technological leadership or
market dominance. Legal-status results reflect differences across application, examina-
tion, and maintenance stages, not direct commercialization performance. The patents are
mainly associated with intelligent manufacturing, robotic and mechatronic systems, ma-
terial optimization, and intelligent quality inspection. Future studies should incorporate
updated data, patent-family deduplication, full-text screening, and market or technology-
transfer evidence.

Keywords: patent analysis; ceramics industry; artificial intelligence applications; intelligent
manufacturing; robotics; mechatronics

1. Introduction

The ceramics industry is a comparatively traditional manufacturing sector. With the
continuing advancement of a new round of scientific and technological revolution and
industrial transformation, intelligent manufacturing has become a major direction in the
global restructuring of manufacturing systems. The ceramics industry is therefore grad-
ually shifting from experience-driven production and single-process automation toward
data-driven operation, coordinated production lines, and intelligent control.

Previous studies provide methodological and technical support for this research. Ab-
bas et al. [1] reviewed patent analysis methods and argued that patent data can reveal
technological trends, innovation hotspots, and competitive layouts. Daim et al. [2] fur-
ther showed that patent analysis can be combined with bibliometrics to forecast emerging
technologies. In intelligent manufacturing, Wang et al. [3] pointed out that deep learn-
ing supports process monitoring, fault diagnosis, and quality control, while Plathottam
etal. [4] summarized Al applications in predictive maintenance, process optimization, and
manufacturing decision support. In the ceramics field, Kaufmann et al. [5] demonstrated
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that machine learning can accelerate the discovery of high-entropy ceramics, and Zhang
et al. [6] emphasized its value in exploring complex ceramic composition spaces. For ce-
ramic quality control, Wan et al. [7] and Zhou et al. [8] showed that deep-learning-based
methods can improve surface defect detection and inspection automation. However, exist-
ing studies mainly focus on methods, materials, or specific detection tasks, while system-
atic patent-based analysis of Al applications in ceramics remains limited. Accordingly,
from the patent perspective, this paper focuses on the current application status and de-
velopment trends of Al in the ceramics industry, thereby providing a theoretical basis for
the intelligent transformation of the sector.

2. Data Sources and Methodology

To ensure the reproducibility of the patent search results, this study used the IncoPat
Global Patent Database as the data source. The search was conducted on 24 June 2025.
The search fields were restricted to title, abstract, and claims, while the publication date
was limited to the period from 1 January 2014 to 31 December 2024 (Table 1). No limita-
tions were applied with respect to country or region, applicant, IPC classification, or legal
status. Patent records under various legal statuses, including granted, under substantive
examination, published, withdrawn, rejected, and lapsed due to non-payment of annual
fees, were included in the sample. As a result, 3773 patents related to artificial intelligence
applications in the ceramics field were retrieved.

Table 1. Search Strategy for Patents on Al Applications in the Ceramic Field.

Search Element Chinese Keywords English Keywords
o s e g Artificial Intelli , Al hine L ing,
Artificial intelligence }\.I%l e, AL Bl %\E:?}j’ Yﬂ%‘%ﬁé}j’ " ggepnieeaiiei;l;e Neullr\a/lllalileltrxl/\elorizmmg
Mz, i >, JeE > : ¢ o
Reinforcement Learning, Ensemble Learning
o e, WRHTR, mibeba e, Wk, o Ceramics Ceramic Materials
Ceramics field T 2 High-performance Ceramics, Ceramic Products,

Ceramic Processes

Intelligent B E R B T AL, 1%/[malrt Mangfacturmg, Auto'mgted'Productlon,
. DL s anufacturing Process Optimization, Product
manufacturing FEA R, B Refb A . i .
Design, Intelligent Production
Time range Patent publication date 1 January 2014, to 31 December 2024

Boolean logic search

query

TAC — ((/1AI§%]§E:// OR uAI/r OR //*}'L%%%A}jn OR ”?%E%}—j” OR //$$é§|ﬁ]é§n OR /151%{%%42//

OR “& 1% >]” OR “artificial intelligence” OR “AI” OR “machine learning” OR “deep

learning” OR “neural networks” OR “reinforcement learning” OR “ensemble learning”)

AND (‘g% OR “B%ehH” OR “itkgHa " OR “Ha#hl it OR "M% T.2” OR
“ceramics” OR “ceramic materials” OR “high-performance ceramics” OR “ceramic
products” OR “ceramic processes”) AND (“%/ gEfili&” OR “H L4 7= OR
“Hill i T2 OR “7= i it OR “& BEAL A7 OR “smart manufacturing” OR

“automated production” OR “manufacturing process optimization” OR “product design”

OR “intelligent production”)) AND PD = [20140101 TO 20241231]

After retrieval, the patent data were checked and organized before statistical analysis.
Bibliographic fields, including publication number, title, applicant, publication date, legal
status, IPC classification, and country or organization of publication, were used to verify
the consistency of the records. The exclusion of irrelevant documents was mainly con-
trolled through the search strategy, which restricted the retrieval fields to title, abstract, and
claims and required the simultaneous occurrence of artificial intelligence-related terms,
ceramics-related terms, and intelligent manufacturing/application-related terms. Then the
authors manually reviewed selected records from the largest applicants and most repre-
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sented IPC classes to ensure sample relevance. The validation confirmed the relevance
of the selected records to ceramics, Al-based technologies, and practical application sce-
narios. Finally, the sample of 3773 records represents patent documents retrieved from
IncoPat rather than deduplicated patent families or unique inventions.

3. Patent Data Analysis of AI Applications in the Ceramics Field
3.1. Trends in the Number of Patents

According to the patent retrieval results, the changing trends in granted patents,
patent applications, and published patents related to Al applications in ceramics from
2014 to 2024 are shown in Figure 1. Overall, the number of patent documents increased
markedly from 2014 to 2021, indicating the continuous expansion of Al-related techno-
logical activity in the ceramics field during this period. After 2021, the number of patent
applications and granted patents fluctuated, while the number of published patents re-
mained relatively high and reached its highest level in 2024. However, the data for
2023-2024 should be interpreted with caution. Because patent applications are usually
published after a time lag, and because the most recent records may not have been fully
published or indexed at the time of data retrieval, the apparent decline in patent appli-
cations in 2024 should not be regarded as definitive evidence of a decrease in innovation
activity. Instead, the data for the most recent years should be considered provisional and
should be updated in future studies when more complete patent records become available.
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Figure 1. Trends in the Number of Patents Related to AI Applications in the Ceramics Field.

On a patent-document basis, China accounts for 3157 records in the retrieved IncoPat
dataset, followed by the United States and the World Intellectual Property Organization,
each with more than 100 patent documents (Table 2). This distribution indicates a high
concentration of patent disclosures in China within the scope of the search strategy. How-
ever, because the dataset is based on patent documents rather than deduplicated patent
families or unique inventions, this result should not be interpreted as direct evidence of
comprehensive technological leadership, market dominance, or commercialization perfor-
mance. Overall, the national distribution reflects the geographical concentration of patent
disclosures in the retrieved sample and provides a basis for further comparative analysis.
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Table 2. Patent publication country/authority of Al application patents in the ceramics field.

Patent Publication Couantry/Authority Patents
China 3157
United States 146
World Intellectual Property Organization 106
Republic of Korea 91
European Patent Office (EPO) 74
India 50
Japan 27
Canada 14
Germany 14
Italy 11

3.2. Legal Status of Patents

The legal status of patents related to Al applications in ceramics is generally favorable
(Figure 2). Among them, granted patent documents represent the largest category, with
1687 patents, indicating that a large number of Al application technologies in this field
have obtained legal protection. There are 503 patents under substantive examination, re-
flecting sustained patent application activity. The categories of annual fee unpaid, rejected,
and withdrawn include 368, 305, and 237 patents, respectively, showing that some patents
were not maintained during subsequent procedures for various reasons. The numbers of
patents in the statuses of published, avoiding double patenting, expired, abandoned, and
invalidated are relatively small; in particular, only one patent is fully invalidated. This sug-
gests that granted patents in the field are relatively stable. Overall, the patent protection
outcomes for Al applications in ceramics are significant, while the different legal statuses
also reflect differentiated development across the application, examination, and mainte-
nance stages.

All Invalid 1

Withdrawn I 237
Rejected N 305
Unpaid Annual Fee N 368

Substantive Examination NN 503

Granted I 1687

Patets
0 200 400 600 800 1000 1200 1400 1600 1800

Figure 2. Legal status of Al application patent documents in the ceramics field.

3.3. Patent Applicants

As shown in Table 3, Zhejiang University leads ceramic Al patent applicants with
56 patent documents, followed by QUALCOMM (San Diego, CA, USA) and Guang-
dong Institute of Intelligent Manufacturing (Guangzhou, China). Other universities
and research institutions also perform well. Applicants mainly include universities, re-
search institutes and relevant manufacturers, showing Al ceramic research has expanded
from algorithm study to intelligent equipment, robotic lines and mechatronic integra-
tion. Zhejiang University took an early lead and realized intelligent upgrading of tradi-
tional ceramic production. QUALCOMM focuses on intelligent hardware, IoT and sys-
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tem coordination to boost interconnection, real-time sensing and automatic operation in
ceramic manufacturing.

Table 3. Main applicants of Al application patent documents in the ceramics field.

Main Applicant Patents Number
Zhejiang University 56
QUALCOMM Incorporated (San Diego, CA, USA) 32
Guangdong Institute of Intelligent Manufacturing (Guangzhou, China) 26
Nanjing University of Aeronautics and Astronautics 25
Xi’an Jiaotong University 25
Shaodong Intelligent Manufacturing Technology Research Institute (Shaodong, China) 25
SAKTI3 Inc. (Ann Arbor, MI, USA) 20
South China Intelligent Robotics Innovation Research Institute 20
Guangdong Institute of Automation 20
Kangshuo (Deyang) Intelligent Manufacturing Co., Ltd. (Deyang, China) 20

3.4. Technological Characteristics of Patents

In terms of IPC classification, GOIN tops the list for material property testing, fol-
lowed by GO6N for AI neural networks and GO6F for digital data processing (Table 4).
B28B, B33Y and C04B cover ceramic forming, additive manufacturing and material opti-
mization. GO5B and B25] involve automatic control and robotic application, while BO1D
and GO6T support filtration and image processing. Overall, relevant technical layouts have
evolved from equipment, inspection and material optimization into an integrated system
covering intelligent devices, mechatronics, robotic production lines, quality detection and
material improvement.

Different IPC categories of ceramic Al patents deliver distinct technical effects
(Figure 3). Ceramic processing equipment-oriented B28B excels in boosting efficiency, cut-
ting costs and advancing automation. Material testing-focused GOIN optimizes testing
via higher efficiency, lower complexity and better accuracy. Al-centered GO6N improves
efficiency, speed and precision remarkably. Automation control and robot-related classifi-
cations realize on-site production scheduling, precise execution and safe operation beyond
basic algorithmic analysis. Image processing and control technologies also enhance accu-
racy and operational convenience. Together, these technologies comprehensively elevate
efficiency, cost control, precision, automation and intelligence in ceramic industry.
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Figure 3. Technology-effect diagram of Al application patents in the ceramics field (directly exported
from the built-in technology-effect analysis function of the IncoPat platform).
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Table 4. Main IPC classifications of Al application patents in the ceramics field.

IPC Code Number Meaning of IPC Code Representative Patent
Testing or analyzing materials by GO1N11/00: Viscosity monitoring device
GO1IN 265 determining chemical or physical for viscous dampers based on piezoelectric
properties ceramic sensors
Computer systems based on specific . . . .
GO6N 198 computational models, especially Al and GO6N3/0464: Intelhgen"t inspection method
; and system for ceramic substrate defects
neural network technologies
Electric digital data processing, including GO6F18/214: Thermal structural strength
GO6F 193 computer systems, data processing analysis method for ceramic matrix
methods, and hardware architectures composites based on progressive damage
Prp cesses and 'equlpment' for ceramic or B28B15/00: Automatic production device
B28B 192 similar material processing, including ¢ .
formi L or ceramic cups
orming, sintering, and post-treatment
Additive manufacturing technologies and B33Y10/00: Blue zirconia photocurable
B33Y 177 their applications in different materials, slurry, blue zirconia ceramic, and
including ceramic materials preparation method
Chemical composition, preparation . . . .
C04B 158 methods, and performance optimization of CO4B:.)’5/486’ I.’reparatlon of zirconia
: . ceramic materials by DLP technology
ceramic materials
Automation control of industrial processes, = G05B19/4065: Grinding control system for
GO05B 147 including control system design and improving the flatness of ceramic
application workpieces
Robotics, especially the application of B25]19/02: Automated pottery
B25] 132 . : . . . .
industrial robots in production manufacturing device
Filtration technologies, especially those B01D11/02: Microporous filtration system
B01D 127 : . . .
used in ceramic production for ceramic slurry
G06T17/00: Three-dimensional digital
GOoeT 128 Image processing and computer graphics auxiliary system for ceramic painting

creation

3.5. Application Scope of Patents

In recent years, Al application in ceramics has advanced from single-process optimiza-

tion to full-process coordinated operation covering raw material treatment, forming, glaz-
ing, firing and sorting. Combined with sensors, vision devices, robots and other mecha-
tronic systems, it realizes data collection, intelligent analysis and automatic execution, and
achieves real-time closed-loop process control to raise yield and cut energy consumption
and downtime.

Al optimizes core production links via intelligent algorithms and completes on-site
operations through automated equipment, realizing the shift from algorithmic judgment
to physical execution. It also enables equipment fault prediction to stabilize production
efficiency. In terms of materials, it shortens R&D cycles and lowers costs by optimizing
material formulas and properties.

For quality control, computer vision empowers precise intelligent detection and forms
a closed-loop quality management system with automatic sorting and adjusting devices to
stabilize product quality. In product design, Al design tools break traditional restrictions,
facilitating the development of personalized and diversified ceramic products.
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4. Research Hotspots of Al Patents in the Ceramics Field

Cluster analysis results show that technological hotspots in the ceramics industry
have concentrated on intelligent manufacturing and production automation, robotic pro-
duction lines and mechatronic systems, ceramic material optimization and performance
prediction, and quality control and intelligent inspection technologies over the past decade.
These areas have accumulated both technological achievements and application results. In
the keyword cloud shown in Figure 4, terms such as intelligent manufacturing, deep learn-
ing, quality control, and real-time monitoring appear frequently.

Real-time monitoring

Quality control

Computer vision

Intelligent manufacturing
Automated production line

Patent layout :
Process control ‘f?jfﬁ

Data sha ring

Mechatronlcs
Robotics

Predictive maintenance

Figure 4. Keyword cloud of Al application patents in the ceramics field (directly exported from the
built-in keyword analysis function of the IncoPat platform).

4.1. Intelligent Manufacturing and Production Automation

Cluster results show that automated production lines and intelligent scheduling are
important research hotspots. Robots and mechatronic systems perform diversified ceramic
manufacturing tasks and convert Al algorithms into practical operations, easing manual-
induced quality differences. Core IPC technologies including B28B, G05B, B25] and GO1N
support automated processing, system control, robotic execution and online quality test-
ing, and intelligent algorithms optimize operational parameters to streamline production.
Industrial data from Yang et al. (2023) reveal China’s ceramic industry suffers high ma-
terial, energy and labor costs, proving digital and intelligent upgrading essential for cost
control and efficiency growth [9]. Nie et al. (2021) realized production line monitoring
and fault early warning via digital transformation [10], while Huang and Deng (2021) op-
timized kiln firing processes to lower operational anomalies [11].

Al enables scientific scheduling and predictive maintenance to cut operational ex-
penses. Vision-based intelligent inspection works well for single customized ceramics yet
has limitations in diversified batch detection. Integrated intelligent equipment can build
full-process closed-loop control, effectively enhancing overall production performance.

4.2. Ceramic Material Optimization and Performance Prediction

Cluster results indicate ceramic material optimization research centers on formula
adjustment and performance prediction, which helps satisfy performance demands, cut
costs and shorten research cycles. Machine learning boosts new ceramic material design
and property prediction. Wu et al. (2022) adopted multimodal data learning algorithms
to raise the prediction accuracy of ceramic coating properties, verifying Al's predictive ad-
vantages [12]. Patent data show C04B and B33Y dominate material optimization research.
Relevant technologies assist raw material proportioning and process improvement to en-
dow ceramics with superior mechanical properties. As stated by Yang et al. (2023), Al
integrates diverse data to forecast material properties under varied formulas and proce-
dures in material design [13].
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Intelligent algorithms also accelerate high-performance ceramic development. Com-
bined with automated experimental facilities, Al can form a closed-loop research sys-
tem integrating prediction, preparation, testing and optimization, greatly lifting overall
R&D efficiency.

4.3. Quality Control and Intelligent Inspection Technologies

Research hotspots of ceramic intelligent quality inspection lie in defect detection and
image recognition. Insufficient public defect datasets restrict algorithm popularization and
practical application. Integrating vision, deep learning and mechatronic technologies can
realize full-process automatic inspection and disposal to stabilize product quality. IPC
classification shows GOIN and GO6T serve core detection and image analysis functions,
while B25] and G05B support subsequent automatic sorting and parameter regulation.
Vision-based Al systems can accurately identify diverse ceramic defects and raise quali-
fied product rate.

Nie et al. (2024) constructed improved YOLOvV5 detection models with high indus-
trial detection accuracy [14]. Sun et al. (2025) optimized lightweight YOLOVS structures
and achieved superior detection performance on multiple datasets [15]. Optimized deep
learning methods balance detection accuracy and speed well. Compared with manual in-
spection, such intelligent inspection schemes feature higher efficiency, fewer errors and
stronger industrial promotion value.

5. Conclusions and Implications

The patent-document analysis indicates that Al-related patent activity in ceramics
increased overall during 2014-2021, while data for 2023-2024 should be interpreted cau-
tiously due to publication lag and possible database incompleteness. In the retrieved In-
coPat dataset, China accounts for the largest share of patent documents, followed by the
United States, WIPO, the Republic of Korea, and the European Patent Office. This find-
ing reflects a concentration of patent disclosures in the sample, rather than comprehen-
sive technological leadership or market dominance. Legal-status results show that granted
patents form the largest category, with other records under examination, withdrawn, re-
jected, or lapsed, indicating legal-status distribution rather than commercialization perfor-
mance. Applicants mainly include universities, research institutes, and technology-related
enterprises. IPC results show concentrations in material testing, Al and neural-network
technologies, data processing, ceramic forming, additive manufacturing, material opti-
mization, automation control, robotics, and image processing. Overall, Al-related ceramic
patents are mainly associated with intelligent manufacturing, robotic and mechatronic sys-
tems, material optimization, and quality inspection. Future studies should use updated
patent data, patent-family deduplication, full-text screening, and market or technology-
transfer evidence.
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