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Brief introduction of University of Science and Technology Beijing (USTB) 
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Profile of USTB 
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There are 35 research laboratories in school of MSE 
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Materials Education  

5 

6 Undergraduate 
Programs 

3 Postgraduate 
Programs 

 Metal Materials 
 Materials  Processing and Control 

Engineering 
 Inorganic Nonmetallic Materials          
 Materials Physics 
 Materials Chemistry 
 Nanomaterials &Nanotechnology 

 Materials Science 
 Materials Physics 

and Chemistry 
 Materials Processing 

and Control 
Engineering 

 ~400 undergraduate students get 
enrolled each year 

 Enable students to begin 
specializing and getting practical 
experience very early in their 
program 

 ~400 master students 
and ~100 Ph. D 
candidates get 
enrolled each year 

 They are heavily 
focused on research 
work mixed with 
coursework. 

2012 2013 2014 2015 2016

19.65% 20.17% 
21.46% 

22.34% 
23.23% 

Rate of overseas study (%)  

2012 2013 2014 2015 2016

63.10% 
65.97% 66.80% 66.59% 

71.29% 

Rate of advanced study (%) 
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Profile of materials science discipline 

 Nationally, MSE in 
USTB is extremely-high 
regarded in China. 

 Ranked Top 2 across 
2003-2012(latest) 
evaluated by MOE 

 Ranking of the  
published Papers 
 2010: No. 16. 
 2011: No. 13. 
 2012: No. 10. 
 2013: No. 9. 
 2014: No. 13. 
 2015: No. 12. 

 The published and cited 
quantities of SCI papers 
are always occupying the 
top 1% worldwide 
(68000 units), evaluated 
by ESI. 

Evaluation of Essential Science 
Indictors(ESI) 
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 The status quo of materials database in China 

  Materials Scientific Data Sharing Network 

  China gateway to corrosion and protection 

 
 Progress in MGI databases and big data in China 

Contents 

I. Database and Big Data Technology of Material Genome Engineering (MGE)  

II.Data acquisition and database fusion technology on structure -property based 

on high-throughput experiments and calculations 
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•   1980s: around 23 materials databases were built by universities and research 
institutes, with the financial support from the national government. 

 Small scale (small volume, less users), little update. 

第六届无机材料专题—材料基因组工程研究进展研讨会 

Three stages 

1 

History of Material Databases in China 

National Scientific Data Sharing Project of China was launched in 2000. 

•   2000s: 2 

•   2015: MGI related database and data technology  3 
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Support from Central and Local Government 

Data Resources of diverse disciplines 

2 National projects for Materials data (data centers located in USTB): 

 National Materials scientific data sharing network 
            --- distributed, covering nearly all the materials, mainly for material selection. 
 China gateway to corrosion and protection 
            --- centralized, specially focusing on corrosion. 
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 The status quo of materials database in China 

  Materials Scientific Data Sharing Network 

  National Environmental Corrosion Platform 

 Progress in MGI databases and big data 

Contents 

I. Database and Big Data Technology of Material Genome Engineering (MGE)  

II. Data acquisition and database fusion technology on material microstructure -property 

based on high-throughput experiments and calculations 
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Materials Scientific Data sharing Network  

Totally 18 universities & institutes contribute to data collection.  

 Material foundamental 
 Metals & alloys 
 Ceramics 
 Organic Materials 
 Composites 
 Biomaterials 
 Energy Materials 
 Information Materials 
 Natural Materials 
 Construction Materials 
 Transportation Materials 

Materials Data 
Category 

Source of data 

Handbooks, patents, papers, testing 
data, calculation data, products 
dealers, Industry statistics.   
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Changsha Sub Node 
（Materials foundamental） 

Beijing Host Node (USTB) 
（ferrous Metals, Information materials, 
Energy Materials, Power Metallurgy, Nano 
biomaterials ） 

Xi’an Sub Node 
（ Road traffic materials, 
Composite） 

Shanghai Sub Node 
（Energy materials, Ceramics） 

Shenyang Sub Node 
（non-ferrous metals & 
alloy） 

Chengdu Sub Node 
（Biomaterial） 

Beijing Sub Node 
（ Natural materials, polymer, 
Building materials） 

Materials Scientific Data Sharing Network 

Amount of Data  

Around 690,000  entries of 22,000  
kinds (brand name) of materials, 
with 236  metadata.  

 Multiple sources 
 Heterogeneous structure  
 Distributed storage 

feature 
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Version 1.0 www.matsec.ustb.edu.cn 

Materials Scientific Data Sharing Network  

Version 2.0 www.materdata.cn 
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Standardized Doi Registration System  
(standard of encoding for Material data) 
                  – Intelligent property issues 

Standardized data collection format ---  
Data quality of experimental / 
computational / industrial data  

Materials Scientific Data Sharing Network 
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Material Data Science Infrastructure   

Time  

Development 
 procedure 

Material data 
system 

Life Cycle 
Curation of 

Materials Data 

Material data 
mining & depth 

Extraction 

Infrastructure of Material Data Science 

•  Material foundamental 
•  Metals & alloys 
•  Ceramics 
•  Organic Materials 
•  Composites 
•  Biomaterials 
•  Energy Materials 
•  Information Materials 
•  Natural Materials 
•  Construction Materials 
•  Transportation Materials 

theory 

 

Standards 
Regulation 
Specification 

•  Doi  
•  Data description 
•  Data transfer 
across scales  
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 The foundation of materials database in China 

I. Materials Property Data - Materials Scientific Data Sharing Network 

II. China gateway to corrosion and protection 

 

III.Corrosion Platform 
 New advances in Materials Genome Initiative database and big data 

Contents 

I. Material Genome Engineering Database and Big Data Technology 

II. Data acquisition and database fusion technology of material structure and property based 

on high-throughput experiments and calculations 
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 Corrosion is classified as microscopic corrosion and macroscopic one. 
 Microscopic corrosion science, based on basic data, consist of  the analysis of 

corrosion phenomena, the establishment of corrosion theory, the development of 
anti-corrosion technology. 

 Macroscopic corrosion is the destruction process of all structures.  

Academician Jimei Xiao established the master  
degree of corrosion discipline. 

China Gateway to Corrosion and Protection 



MRDC @Rockville, MD  9/25-27,2017 

 378 experts on  corrosion across China contribute to the work  
 Nonprofit, open free of charge,           
 Provides services for more than 400 institutions, from industries such as aerospace, 

petrochemical, electric power, electronics, machinery, iron and steel, ships and 
offshore structures, transportation and so on. 
 

China gateway to corrosion and protection 



MRDC @Rockville, MD  9/25-27,2017 

One R&D center,  30 stations across China, including 15 atmospheric stations, 7 water 
stations and 8 soil stations. 
Around 270 million RMB was invested  to built over 1,600 corrosion analysis facilities. 

R&D Center and Field Research Stations 
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Beijing Dunhuang Guangzhou 

Jiangjin Kuerle Lasa 

Mohe Qingdao Xishuangbanna 

Qionghai Shenyang 

Wanning Wuhan 

Atmospheric Corrosion Testing Stations  
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 The corrosion database was built from the long-term corrosion tests of 654 kinds of 
materials (metals, polymers, construction materials and coatings), a total of 140,000 
specimens under various environments. 

 Award of National Science and Technology Progress in 2009 and 2016 were 
obtained. The research results were published in Nature. 

National Environmental Corrosion Platform 

Materials Corrosion “Big Data” 
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Asian Materials Data Symposium (AMDS) 

 USTB called on and successfully established Asian Materials Data Committee (AMDC) in 2010, 
between Korea, Japan and China, and then Vietnam, Russia, Indonesia.  

Jeju, Korea 

Jeju, Korea Tokyo, Japan 

Sanya, China 

The 6th Asian Materials Data Symposium (AMDS)     
Nov, 2018, Beijing, China. 2018 

 Asian Materials Data Symposium (AMDS) is held every 2 years.  
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 The foundation of materials database in China 

I. Materials Property Data - Materials Scientific Data Sharing Network 

II. Materials Corrosion Data - National Environmental Corrosion Platform 

 New advances in Materials Genome Initiative database and big data 

Contents 

I. Material Genome Engineering Database and Big Data Technology 

II. Data acquisition and database fusion technology of material structure and property based 

on high-throughput experiments and calculations 

 



MRDC @Rockville, MD  9/25-27,2017 

40 MGI related Project  (Total investment 1 billion RMB, ∼143 million dollars) 

13th “five-year plan”: 2016-2020 

National Key R&D Plan Program 

2016.07-2020.06 

Material Genome Engineering Database and Big Data Technology 

13th five-year plan: National Key R&D Plan Program 

Material Genome Engineering Database and Big Data Technology 



MRDC @Rockville, MD  9/25-27,2017 

Data Accumulation 

Big data + Machine Learning：new  research and development mode 

High throughput 
Calculation 

High throughput 
Experiment 

MGI 
Database 

Data mining 
technique 

MGI database and data technology New  knowledge, material design and 
optimization 

 Build the infrastructure and standards of MGI databases  

 Integrate calculation, experiment with data mining  

 Build intelligent MGI database 

 Explore engineering application of materials big data  

2016.07-2020.06 

Material Genome Engineering Database and Big Data Technology 

13th five-year plan: National Key R&D Plan Program 

Main  
Content 
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1） Atomic potentials database construction 

2） Typical material thermodynamics and dynamics database construction 

3） High throughput DFT driven engine construction 

4） Capture and analysis of  high throughput testing data 

5） First-principles calculation database  

6）Composition-microstructure-property database 

7）Intelligent software platform for data mining 

8）3D microstructure reconstruction technology 

9）Application research of materials data 

High throughput calculation and experiment     

Database Construction for Material design 

Data mining and application technology 

2016.07-2020.06 

Material Genome Engineering Database and Big Data Technology 

13th five-year plan: National Key R&D Plan Program 
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Materials Database：  

 Energy materials  /  Rare earth materials / Catalytic materials  / Biomaterials  / Alloys 

Composition 
Design 

Structure 
Design 

Process 
Optimization 

Performance 
Evaluation  

Lifetime 
Prediction 

Calculation Experiment Data Archive Data from 
Literature 

Design basic 
database Processing database Service & performance 

database  

Query & Retrieval 

Data capture Data support 

High throughput  

Material R&D 
requirement 

Database 
function 

MGI database 

full-chain R&D of typical materials  

Machine learning Tool  Library (software, algorithm, model…)  

2016.07-2020.06 

Material Genome Engineering Database and Big Data Technology 

13th five-year plan: National Key R&D Plan Program 
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Driven engine 

In 
Batch 

Data 
archive 

Info 
extraction 

Chen-Möbius Lattice 
inversion 

 Automatic data archiving technique and a driven engine for high throughput DFT. 

Model design  
Parameter optimization  

Atomic potential  
database and application 

technology 

First principle 
calculation database 

Thermodynamics 
database 

Atomic 
potential  
database  

Interaction potential between 
metals, stratified materials, and 
solid solutions 

The first principle 
calculation database 

Thermodynamics 
database 

1 Data processing technology of high throughput material calculation  
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Integrated analysis 
of heterogeneous 
data  

Experimental data 
processing 

Synchrotron 
radiation／ X-ray 
diffraction data 
processing 

microstructure image 
processing and quantitative 

characterization 

Macroscopic  

Mesoscopic  

Microscopic 

 Data capture and integration technology for high-throughput heterogeneous 
experimental data, and image processing technology. 

2 Data capture and processing technology of high-throughput material experiments 
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 MGI database based on distributed NoSQL database architecture. 
 Material data ontology technology. 
 Standards & specification of Materials data . 

data standards & 
specification 

Characterization 
based on the 

semantic feature  

processing database 

…… 
…… 

Energy 
material 

Special 
alloy 

Catalytic 
material 

Other 
materials 

API & Protocols 

Physics node Virtual node Tool platform Software 

Storage DB Tool 

3 MGI database infrastructure,  standards and the database 
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 Build the analysis algorithms and models of materials data mining. 
Develop an intelligent software platform for data mining. 

Parameter selection 
and the multi-
correlation model 

Application of data 
mining technology 

Integration of data 
mining technology 

Intelligent platform of 
data mining software  

Projection from high to 
low-dimensional space 

Enhanced 
prediction 
capability 

Pattern recognition 

Artificial neural network 

Support vector machine 

Best projection regression 

Hyper polyhedron model  

Web portal 

…… 

Integration 

4 Materials data mining and analysis technology 
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  Large-scale 3D reconstruction & application of  material microstructure.  
 Interactive, multi-scale and multi-objective experiment and simulation.  

2D Microstructure 

OM，SEM，EBSD 
… 

Size, shape, 
orientation, topology, 

interface and 
distribution 

3D reconstruction Information  
characterization 

PF、Potts-MC，
FEM… 

Image gray-scale 
algorithm ，3D  

grain recognition 
technology … 

microstructure-performance  
relationships 

Image processing 

5 Application of MGI big data technology  
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 Template based data schema design and data submission to satisfy personalized data 
archiving. 

 Cloud service environment based on Hadoop, no-schema data storage based on MongoDB, 
flexible extension based on Json. 

MGI Database Platform Architecture 
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Template design Data sheet 

Template of ceramic matrix composite materials Data format of ceramic matrix composite materials 

Basic Unit 

Assemble 

Assemble templates 
through dragging and 
dropping basic unit 

Data sheet generated by 
assembling 

MGI Database Platform Architecture 



MRDC @Rockville, MD  9/25-27,2017 

Data Conversion Interface 

 Conversion interface: parse user data into JSON format 
 Data export:  transform JSON data into template file  
 Application program interface:  provide API for accessing database and database 

applications(big data analysis, data mining, etc.) 

JSON format in database 

导出

转换接口
Template file JSON file 

Conversion interface 

parse 

export 

MGI Database Platform Architecture  
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MGI Database Platform/ Atomic potential database  
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 The foundation of materials database in China 

I. Materials Property Data - Materials Scientific Data Sharing Network 

II. Materials Corrosion Data - National Environmental Corrosion Platform 

 New advances in Materials Genome Initiative database and big data 

Contents 

I. Material Genome Engineering Database and Big Data Technology 

II.Data acquisition and database fusion technology of microstructure and 

property based on high-throughput experiments and calculations 
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Modeling  of correlation of composition-microstructure-
properties,  based on high-throughput data acquisition.  

Multi time-space scale of material dynamics evolution and 
simulation based on big data mining.  

1 

2 

2017.07-2020.12 

Data acquisition and database fusion technology of material structure and 
property based on high-throughput experiments and calculations 

13th five-year plan: National Key R&D Plan Program 
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1 High-throughput experiments, calculations, and knowledge 
extraction at micro and nano scale  

 theory of reliable access and knowledge extraction for heterogeneous, dynamic and mass data 
 Methods for prediction &  verification of mechanical properties. 

In-situ mechanical testing technique Alloy phase mechanics simulation 

Dual Beam FIB  
FEI Helios FIB 

Nano 
Mechanics 

Testing System 
Hysitron TI 

950 

Field Emission 
Transmission 

Electron 
Microscope H9500 

ETEM 

 Nanoindentation test 
efficiency<0.2s/p 

 In situ test imaging rate 
>400frames/ second  

Atomic motion mechanism, formation and 

evolution of  microscopic defect  
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2   Materials Interface Electrochemistry high-throughput experiments, 
calculation and analysis techniques 

 In-situ high-throughput collection of interface electrochemical information 
 Establish automatic analysis system for high throughput electrochemical data 

Electrochemical acquisition and analysis technique Electrochemical high throughput computational simulation 

 The experiment is invariant while the data quantity 
increases more than 10 times 

 Simultaneous acquisition of electrochemical and image data 

Propagation dynamics of protons and ions in microchannels 
and its interface electron transfer properties 
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3  Image acquisition and recognition technology of high precision multiscale 
surface/interface of material structure  

 Preprocessing and registration rules of image data, establish models for multilevel fusion of images  
 Material surface/interface image retrieval recognition technology 
 Build a dynamic simulation system for material image data 

Multilevel image fusion technique Surface/interface image retrieval and simulation 

nm      cm level image feature fusion  3D refactoring and dynamic simulation of microstructure 

L T 

S 
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4 New methods for material evaluation based on big data transmission, storage 
technology  

 Distributed analysis, deep mining technology, automatic storage  
 Microstructure - performance data acquisition and data fusion support system 

 Machine learning methods such as convolutional neural networks, Bayesian networks and Support 

Vector Machine 

 Methods of material evaluation by combining model evaluation with experimental verification  

MGI Big Data  All-in-One (AiO) Machine 

Big data analysis/ SaaS Application 

Cloud computing Big data storage Security and flow computing 

Computing resource pool Storage resource pool Network resource pool 

Big data process/ PaaS Platform 

Fast sw
itched netw

ork  

WAN Acceleration 

AiO API Massive data real time processing  
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Materials database 
of basic properties and 
engineering application 

Materials database of 
calculation and 

simulation 

Materials database of 
MGI 

Complexity, flexibility, and scalability 

Computational data 

Massive and heterogeneous data 
fusion 

Closure 
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 State Key Project of China (2016YFB0700503) 

 National High Technology Research and Development Program of 
China (2015AA03420) 

 Beijing Science and Technology Plan (D16110300240000) 
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