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Fronts of mechanical and vehicle engineering

Engineering research fronts

Engineering development fronts

Electromagnetic wave-absorbing materials and multiscale struc-
tural design

Design methods for mechanical metamaterials

Catalyst and diaphragm study of direct seawater electrolysis for
hydrogen production

Biohybrid robots

Supercritical compressed-air energy storage technology
Coordinated autonomous driving of connected multi-vehicles

Soft robots based on liquid crystal elastomers

Vision-based tactile sensors

Near-space solar-powered airships
Underwater multisource localization methods

High-energy-density all-solid-state power batteries

Low-altitude unmanned aerial vehicle (UAV) swarm countermeasure technology
Task allocation methods for the cooperative strike of multiple UAVs

Mission-planning approach for manned and unmanned system collaboration
Low-altitude traffic management technology based on the artificial intelligence of things
Control of vehicle-road-cloud integrated transportation systems

Three-dimensional stacked packaging technology for memory chips

Collaborative underwater terrain-mapping technology using unmanned surface vehicles
and underwater robots

Microchannel cooling technology for 3D integrated packaging

Large-model-based fault diagnosis technology

UAV:

unmanned aerial vehicle: 3D: three-dimensional.

Fronts of information and electronic engineering

Engineering research fronts

Engineering development fronts

High-speed, low-power on-chip optical interconnect technologies

Development of Al-powered scientific research automation systems

Intelligent control theories and methods for cross-domain heterogeneous unmanned s Extreme ultraviolet lithography component inspection technologies

systems

Theories and technologies of integrated communication, sensing, computing, intelli- » Co-optimization of design and manufacturing process for sub-5 nm

gence, and control network systems
Multi-agent system construction and collaboration technologies

Fundamental theories of bio-syncretic robots

node chips systems

Intelligent sensing and control technologies for dexterous robotic
hands

Digital twin and precision control technologies for high-end equip-
ment manufacturing

Long-range cross-medium optoelectronic detection and communication technologies « Open-source implementation of large model inference and optimized

Mechanisms and methods for macroscopic-scale manufacturing with atomic-level

precision

Computing architecture integrating quantum and classical computing

Double-sided wafer devices and interconnect technologies

Millimeter-wave and terahertz radio frequency front-end integrated circuits

deployment technologies

Real-time detection methods for large sized, complex industrial
components

s Agent-driven electronic design automation technologies

s End-to-end low-latency high-throughput intelligent computing net-
work technologies

Optical surveying equipment for submarine topography

Al: artificial intelligence.
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Fronts of chemical, metallurgical, and materials engineering

Engineering research fronts

Engineering development fronts

In situ resources utilization on the lunar surface

Flexible structural materials with super elastic multi-sensing function for
humanoid robots
Photoelectrochemical synthesis of high-value-added chemicals

Wide-temperature range zero-expansion spacecraft materials

Study on mass transfer and solidification in confined spaces for new
materials
Metallurgical technology in space microgravity environment

Bionic electronic skin and intelligent tactile perception systems

Bionic organelles and ordered catalytic systems for high-intensity chemi-
cals, materials, and energy biomanufacturing

Collaborative reconstruction and closed-loop high-value utilization of
multi-source solid waste

Nano-energy storage materials and devices

Machine learning potential-driven intelligent molecular design and
synthesis

Design and scalable preparation of catalyst systems for green electricity-green
hydrogen coupled with coal chemical processes
Green recycling of new energy power batteries

Multimodal bioconversion of industrial COz-rich waste gases to value-added
products

Key materials and fabrication technologies for high-efficiency and stable ion
batteries

Accelerated evaluation methods and life prediction for the long-life and safe ser-
vice of key engineering structural materials

Development and application of thermal radiation protective ceramic coatings for
high-temperature complex service environments

Discovery and rational design of novel polymer materials enabled by machine
learning

Sustainable recovery of lithium from low-quality sources

Multiscale architectural design and process integration of high-performance fiber-
reinforced composites

Intensification technology for metallurgical processes under extreme conditions
Technologies for methane emission reduction and high-value chemical
transformation

Fronts of energy and mining engineering

Engineering research fronts

Engineering development fronts

Research on Al-based design of energy materials
Application of high-temperature superconducting on fusion
Ore-forming prediction technology based on big data

Research on intelligent development and enhanced recovery meth-
ods for unconventional oil and gas resources

Research on key materials for low-cost, safe aqueous batteries
Research on large-scale solid-state sequestration of deep-sea CO,
hydrates

Research on behavior of supercritical CO; power cycles in fourth-
generation nuclear reactors

Intelligent fault diagnosis method in nuclear power plants
Supercritical CO, fracturing technology for improving shale reservoir
permeability

Mechanisms of carbon dioxide fracturing crack propagation and car-
bon sequestration technology

Multi-source data-driven intelligent drilling methods and digital
wellbore model research

Multiphase flow behaviors of coalbed methane and its mechanisms
for production enhancement

s Al-driven virtual power plants

« Nuclear power plant safety technology and strategy under extreme climate conditions

» Fracturing optimization and productivity prediction technology for complex oil and gas
reservoirs

= Green intelligent integrated drilling technologies and equipment for ultra-deep oil and
gas resources

» Offshore wind-solar coupled power generation systems

= Multi-energy integration engineering technology for deserts—Gobi-wasteland energy
bases with wind-solar-thermal-storage hybrid systems

» Digital twin technology for nuclear power plants

s Methods and equipment to boost nuclear power plant output
« Comprehensive evaluation techniques for strategic mineral resources

s Integrated intelligent subsurface imaging and reservoir modeling technologies
» Enhanced coal mine methane production and CO; sequestration in goaf areas

s Thermal hazard control technology for deep mines




Fronts of engineering management

Engineering research fronts Engineering development fronts

s Intelligent air-ground collaborative low-altitude traffic and logistics + Methods and technologies of large-mode empowered urban digital governance

» Distributed optimization of low-carbon computing power service systems « Automatic generation of engineering construction schemes based on LLMs

s Supply chain restructuring under geopolitical risk « Overview of human-machine-environment integrated industrial digital twin
systems

o Extraterrestrial construction system engineering management o Large language model-based systems for engineering risk identification and
quantification

s Human-machine collaborative intelligent manufacturing based on multi- « Multi-agent-based quality diagnosis platforms for production lines

modal large models

s Research on safety assessment and management of intelligent driving s Research and development of Al-enabled learning platforms
systems

» Big data ecosystems and open-sharing mechanisms « Urban micromobility system integration and optimization

» Interpreting research on affective perception and cognitive regulation in « lLarge model lightweighting for efficient edge inference
foundation models

» Ecological governance of platform-based corporate social responsibility « Industrial scheduling system based on large language models
s Research on network governance mechanisms in the era of intelligent « Intelligent regulation technology for cross-basin connectivity projects in the
agents national water network

« Research on urban stock space renewal management and decision-making « Key BIM technologies and platforms for large-scale linear engineering

LLM: large language model; BIM: building information modeling.
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IN INFORMATION SCIENCE (Pag. 111)


http://english.casisd.cas.cn/research/rp/202512/P020251204528248522084.pdf

Table 31: Topl0 Research Fronts in chemistry and materials science

Core Citations Mean Year of

Rank Hot Research Fronts papers Core Papers
1 Synthesis of bioisosteres of the phenyl ring 40 2738 2023.1
2 High-performance thermoelectric materials 21 2889 2022.9
C_cwalem urgemE frarﬂEWDrk_sElr photocatalytic hydrogen B N
3 peroxide production 34 5149 2022.5
4 Recycling spent lithium-ion battery cathode materials 53 8121 2021.8

Chemical recycling and upcycling of waste polyolefin plastics

6 Single-crystalline Ni-rich cathodes for Li-ion batteries 19 4442 2021.4

1 Polymers dielectric for high-temperature capacitive energy storage 39 6667 2021.3

Halide solid electrolytes for all-solid-state batteries

9 CO, electroreduction to multicarbon products 14 3549 2021.3

10 Directed evolution and design of PET hydrolases 24 4862 2021.2



Table 37: Topl0 Research Fronts in physics

Rank Hot Research Fronts Core Papers Citations g:f: :::;?:

1 Non-invertible symmetries 48 2815 2022.9

Superconducting diode effect 22 2076 2022.5
s Maompestuosuparconducliyinhydiogenich 35 s 2020
4 Ga,O; power devices 17 2006 2021.8
5 Ferroelectricity in HfO, thin films 12 1979 2021.8
6 | New nonlinear optical materials | 50 | 6650 | 2021.7
7 Ferroelectricity in 2D van der Waals materials 13 2308 2021.7
8 Quantum simulation of lattice gauge theories 18 1980 2021.7
9 Petawatt class lasers and their applications 10 2078 2021.4

10 Twin-field quantum key distribution 32 5393 2021.3



Table 48: Topl0 Research Fronts in mathematics

Core T Mean Year of

Rank Hot Research Fronts Papers Citations Core Papers
1 Neural operator theory, methods, land applications in scientific 4 1209 207215

computing
9 lterative optimization furd cumlplutatiﬂrlal imaging based on deep 4 686 2021.3
enoising priors
3 Physics-constrained deep learning for scientific computing 12 3159 2020.9
Double descent curve and generalization phenomenain
4 modern machine learning 8 1084 2020.5
3] Robust statistical inference in high-dimensional statistics 2 166 2020.5
Methods and applications of physics-informed neural
networks in solving partial differential equations y20sk 2020.3
7 Optimal approximation theory for deep FEE LU neural networks 15 1346 2090.3
and applications to nonparametric regression
g Theory and compu tation Df‘nonlucall models and fractional 9 248 9020.0
differential equations

9 Derivative-free and zeroth-order optimization 2 224 2020.0
10 Scalable and exact algorithms for high-dimensional sparse 9 196 2020.0

regression and best subset selection



Table 53 Top 10 Research Fronts in information science

!I’E llEﬂ n !Eﬁl‘ OI

Rank Hot Research Fronts papers Citations Core Papers
Research on multimodal 3D realtime object detection
1 for intelligent driving scenarios 30 3157 2022.3
Research on deep learning-based 6G semantic

- communication systems 26 2343 2022.3
Design and performance optimization of integrated sensing

: and cormmunications systems Sz 4814 2022.0
Research on multimodal medical image segmentation and

4 feature extraction 18 4995 2021.9

Zero-knowledge proofs: privacy, scalability,

J and cryptographic applications 24 1086 20218

6  Voice-driven 3D facial animation and synchronization technology 19 2226 2021.7

7 6D object pose estimation and tracking technology 23 1757 2021.7

8 Language model-based protein structure prediction 31 1424 2021.5

9  Generation and detection of neural rendering and deepfakes 20 3764 2021.3

10 Optimizing molecular representation learning via graph neural 6 1873 20212

networks and related technigques
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