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MathWorks助力轨道交通企业的数字化转型
Accelerate the pace of digital transformation in Rail

宋胜凯 / Shengkai Song
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轨道交通行业动态及挑战
Trends and key business challenges

中国国家铁路集团：

“紧密对接国家重大战略，持续优化高铁网、普速铁路网、城际铁路网规划布局，切实发挥铁路大动脉作用，助力畅通国内大循环和

国内国际双循环。深入推进铁路运输供给侧结构性改革，开发更加符合市场需求的客货运输产品，创新运输组织模式，加快市场化经

营和服务提质步伐，积极推动多种交通运输方式融合发展，不断提升铁路运营品质和效率效益。”

http://www.china-railway.com.cn/xwzx/ywsl/202011/t20201118_110535.html

http://www.china-railway.com.cn/xwzx/ywsl/202011/t20201104_110189.html

中共中央关于制定国民经济和社会发展第十四个五年
规划和二〇三五年远景目标的建议

提升产业链供应链现代化水平：实施产业基础再造工程

发展战略性新兴产业：推动互联网、大数据、人工智能等同各产业深度融合

统筹推进基础设施建设：加快建设交通强国

加快数字化发展：推进数字产业化和产业数字化

《中国交通的可持续发展》白皮书

http://www.china-railway.com.cn/xwzx/ywsl/202011/t20201118_110535.html
http://www.china-railway.com.cn/xwzx/ywsl/202011/t20201104_110189.html
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▪ 复杂性提升
Increasing Complexity
▪ 大量增加的电子设备使得嵌入式软件显著增长
Increasing amount of Electronics leads to more Embedded Software

▪ 更多的关注
Increasing Concerns with 
▪ 软件质量与认证 Software Quality & Certification
▪ 上市时间 Time to Market

日益严苛的规范要求
Stricter regulatory requirements  
• 安全性 Safety
• 互操作性 Inter-operability

日益增长的业主需求
Increasing customer demands
• 效率 Efficiency
• 维护与可服务时间 Maintenance & uptime

持续提升的“复杂性”
Complexity
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为什么进行“数字转型”
Why Digital Transformation?

▪ 对业务/系统的运行进行优化

Optimize design performance in-operation

▪ 对系统的维护需要进行预测

Predict when system needs maintenance

▪ 对连接在一起的“群”进行管理

Manage a fleet of connected systems

▪ 进入新领域和市场

Go into new industries and markets

▪ 将业务扩展到整个平台的服务周期范围

Expand into an entire platform service 

▪ 为客户提供独特的价值

Provide unique value to your customer

做得“更好”
Do things better

优化
Optimization

创造新事物
Do new things

转型
Transformation
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数字转型的关键 – 之模型
Key Factors - Extending Through the System’s Lifecycle
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数字转型的关键 – 之数据
Key Factors - Data centralization

现场数据
Field

data

系统数据
System

data

用户数据
User

data

云平台

Cloud Platforms

大数据

Big Data

环境数据
Environment

data

数据种类繁多带来复杂性提升

Data diversity complexity

▪ • 工程数据、科学数据和现场数据

▪ Engineering, Scientific, and Field

▪ • 商业数据 & 交易数据

▪ Business & transactional

▪ • 噪声，异常，数据遗失

▪ Noisy, Outliers, Missing data

▪ • 时间序列数据的同步

▪ Time series synchronizing

当前的数据管理加重了这种“复杂性”

Modern data management multiplies complexity

▪ • 种类繁多的数据来源

▪ Proliferation of data systems，more siloes

▪ • 需要权限访问的云端数据、异构数据

▪ Cloud, on-premise, hybrid

▪ • 越来越多的数据——“大”数据

▪ Big Data
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阿尔斯通在产品开发中使用自动代码生成技术
ALSTOM
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庞巴迪部署MBD降本增效
Bombardier
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原GE轨道交通的基于模型架构设计和系统实现
GETS use model-based engineering workflow
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SNCF开发预测性维护系统
Productionalization of a predictive maintenance system for railways
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围绕模型开展数字化设计
MathWorks Solution

机械电子电气

软件 流体

MBSE MBD

Architecture Trade Analysis Implementation Test

Continuous Validation and Verification
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ARCHITECTURE

典型的工作流程
What does a typical workflow look like?
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System 
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Design & 

Implementation
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Trade Studies

Views for multiple 
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Use Cases & 

Requirements

Intended System 
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Design
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verify

author

author

System 

Engineer

Key 
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Component 
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Stakeholder 

Needs
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基于模型的设计
Model-based Design

实机验证
参数匹配

系统建模
（硬件/软件建模）

需求分析

RP

PCG

SIL/PIL

产品

MIL模型形式验证

代码静态验证

HIL

硬件制作

每个步骤都有一个小循环
“实时”进行确认/验证

完整 & 一致

功能确认/验证
故障发现/修正

提前

上游测试数据的再利用

防止遗漏/错误

开发按规格无误地运行的模型 开发按规格无误地运行的软件

软件开发自动化
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仿真性能
Performance

模块化
Componentization

团队协作
Team Workflows

知识共享
Sharing

系统级模型往往涉及多个
物理域：机械、电气/电子、
软件…

MULTI-DOMAIN

系统建模及仿真
System model and simulation

系统仿真往往涉及连续系
统，离散系统，状态机，
消息，异步事件…

MULTI-SIMULATION 

MECHANISM
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系统建模及仿真
System model and simulation



1515

Shift2Rail 的 OPEUS Energy Simulation

“The MATLAB/Simulink environment is 

utilized as it provides the user with some good 

degree of flexibility allowing to simply apply 

desired changes and to integrate and 

simulate other architectures. ”
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克诺尔SYDAC基于Simulink平台建立整车系统模型



1717

克诺尔SYDAC基于Simulink平台建立整车系统模型
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核心能力——自动代码生成
Automatic code generation for choice of languages and targets
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ABB在变流器开发中使用代码生成技术
ABB Traction

▪ 基于Simulink建立了超过50000个模
型用于系统级仿真和控制软件设计

– BMS模型、辅助电源系统控制模型、电

机控制模型

– 电机模型，车辆动力学模型等

▪ 基于自主开发的模型库，针对数字
控制器的开发环境

– 支持速率、多任务控制系统开发

– 支持对系统需求变化的快速响应
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模型的使用贯穿系统全生命周期
Systematic Use of Models throughout System Lifecycle

❑ Model DevOps使敏捷开发适用于数据驱动和物理模型驱动的项目实践
Model DevOps brings agile processes to both data-driven and physics-based models

❑ 基于模型的设计可以很好地映射到Model DevOps工作流
Model Based Design maps nicely onto the Model DevOps workflow

❑ 数据对于开发和运维都很重要
Data is essential for both development and operations

❑ 企业内各团队需加强协作以实现Model DevOps
Diverse teams across Engineering, IT, Line of Business, and Operations must collaborate to achieve success in Model DevOps
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数字转型的关键 – 之数据
Key Factors - Data centralization

现场数据
Field

data

系统数据
System

data

用户数据
User

data

云平台

Cloud Platforms

大数据

Big Data

环境数据
Environment

data

数据种类繁多带来复杂性提升

Data diversity complexity

▪ • 工程数据、科学数据和现场数据

▪ Engineering, Scientific, and Field

▪ • 商业数据 & 交易数据

▪ Business & transactional

▪ • 噪声，异常，数据遗失

▪ Noisy, Outliers, Missing data

▪ • 时间序列数据的同步

▪ Time series synchronizing

当前的数据管理加重了这种“复杂性”

Modern data management multiplies complexity

▪ •  种类繁多的数据来源

▪ Proliferation of data systems，more siloes

▪ •  需要权限访问的云端数据、异构数据

▪ Cloud, on-premise, hybrid

▪ •越来越多的数据——“大”数据

▪ Big Data
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MATLAB使数据分析/机器学习工作流程无缝化
MATLAB makes the data analytics/machine learning workflow seamless

Access and 

explore data
Preprocessing

Feature 

Engineering

Model 

Training

Model 

Tuning 

Integrate 

Analytics 

Machine Learning apps

C/C++ Code Generation and 

Enterprise IT Integration

Automated Parameter Tuning
Domain-specific techniques for 

Signals, Images, Video, Audio, and Text

Datatypes and tools for missing data, 

outliers, time-alignment, etc.

Text files, spreadsheets, databases, binary 

files, data feeds, web, cloud storage
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Diagnostic Feature Designer App 

MATLAB Apps提高生产力
Apps increase the productivity

通过工具栏APPS访问更多的Apps
explore more…
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完整的工具链帮助基于数据应用的快速部署
Deployment on industrial controllers and the cloud
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DSP
Proficiency in modeling and analyzing DSP 

algorithms. Suitable for DSP Developers and 

DSP Engineers.

Prerequisites
For engineers who are new to MathWorks tools.

Technical Computing & Data 

Analysis
Skills for using the MATLAB platform to 

perform data analytics and collaborate on ideas 

across departments. Suitable for Data Analysts.

Modeling & Simulation
Competencies for using the Simulink platform 

to develop accurate, optimized, and robust 

system-level designs.  Suitable for Control 

System Engineers.

Model Management & Testing
Proficiency in working on large-scale Simulink 

projects and applying Model-Based-Design 

principles in a common workflow.  Suitable for 

System Engineers and Test Engineers.

Implementation
Competencies for generating and testing code 

from design models. The code can be used for 

rapid prototyping or production code 

deployment. Suitable for Software Engineers.

Self-paced Online Course
* All online courses can be offered in a classroom

Soft Prerequisite

** Onsite trainings can be customized

Building Interactive 

Applications in MATLAB

(1 day)

Object-Oriented Programming 

with MATLAB

(2 days)

Accelerating and Parallelizing 

MATLAB Code 

(2 days)

MATLAB for Data Processing 

and Visualization 

(1 day)

MATLAB Programming 

Techniques

(2 days)

Machine Learning with 

MATLAB

(2 days)

MATLAB 

Onramp

(2 hrs)

Stateflow for Logic-Driven 

System Modeling

(2 days)

Integrating Code with Simulink

(1 day)

MATLAB Fundamentals

(3 days)

Simulink for System and 

Algorithm Modeling

(2 days)

Generating HDL Code from 

Simulink

(2 days)

Signal Processing with 

Simulink

(3 days)

Signal Processing with 

MATLAB

(2 days)

Modeling Physical Systems 

with Simscape

(1 day)

Control System Design with 

MATLAB and Simulink

(2 days)

Modeling Multibody 

Mechanical Systems with 

Simscape (1 day)

Modeling Electrical Power 

Systems with Simscape

(1 day)

Modeling Fluid Systems with 

Simscape

(1 day)

Designing Robotics 

Algorithms with MATLAB

(1 day)

Simulink Model Management 

and Architecture

(2 days)

Verification and Validation of 

Simulink Models

(1 day)

Embedded Coder for 

Production Code Generation

(3 days)

Generating HDL Code from 

Simulink

(2 days)

Testing Generated Code in 

Simulink

(1 day)

Real-Time Testing with 

Simulink Real-Time and 

Speedgoat

(2 days)

Polyspace for C/C++ Code 

Verification 

(2 days)

面向轨道交通行业的课程体系
Railway Curriculum



2626

MathWorks助力您的数字转型
Accelerate the pace of digital transformation
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MathWorks助力您的数字转型
Accelerate the pace of digital transformation

在 MathWorks，我们认为工程师和科学家具有举足轻重的地位。
他们拓展了人类的知识，极大地提高了我们的生活水平。

我们创造 MATLAB 和 Simulink 的意义便在于帮助他们把工作做到尽善尽美。

更多信息，请访问 www.mathworks.com:

– Railway Systems

– System Modeling and Simulation

– Model-Based Systems Engineering

– Agile System Development

– Power Electronics Control Design

https://www.mathworks.com/solutions/railway-systems.html
https://www.mathworks.com/solutions/system-design-simulation.html
https://www.mathworks.com/solutions/model-based-systems-engineering.html
https://www.mathworks.com/solutions/agile-development.html
https://www.mathworks.com/solutions/power-electronics-control.html
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