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基于模型的系统工程 – MBSE

“ Systems Engineering is a transdisciplinary and integrative approach to 

enable the successful realization, use, and retirement of engineered systems, 

using systems principles and concepts, and scientific, technological, and 

management methods.

“ Model-based systems engineering (MBSE) is the formalized application 

of modeling to support system requirements, design, analysis, verification 

and validation activities beginning in the conceptual design phase and 

continuing throughout development and later life cycle phases.

INCOSE: What is Systems Engineering?

INCOSE: Systems Engineering Glossary

INCOSE Model Based Systems Engineering (MBSE) Initiative

Sanford Friedenthal, Regina Griego, Mark Sampson

https://www.incose.org/about-systems-engineering
https://www.incose.org/about-systems-engineering/system-and-se-definition/se-glossary
https://www.incose.org/incose-member-resources/working-groups/transformational/mbse-initiative
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MBSE开发和管理需求

Maintain requirements as an authoritative source of truth throughout 

the product development process, by using (simulation) models to:

Manage Requirements 

– Transform stakeholder requirements/needs into design requirements 

using models, simulation and code generation

– Establish traceability between requirements, models and testcases

Manage Complexity 

– Explore the design space through (reusable) trade-off studies

– Through views and traceable architecture models

Manage Interfaces 

– Connect system architecture with software architecture, 

component implementation, FMEA (fault injection models)
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需求开发流程 – 传统方式
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需求开发流程 – 同平台方式
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案例 – 冷却系统需求开发

Provide a system which maintains the operating 

temperature of a machine, avoiding damage to 

the machine because of overheating.

• [constraint] Cooling system needs to maintain operating 

temperature.

• [constraint] Cooling needs to be effective within a 

predetermined time.

• [assumption] Environmental temperature greater than 

-10 degrees and smaller than 80 degrees.
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理解和确认用例场景 – 活动图



99

理解和确认用例场景 – 活动图仿真
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理解和确认用例场景 – 需求表

Input condition to activate a 

requirement

Expected outcome of a requirement

Formal description of 

requirements
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理解和确认用例场景 – 需求表分析

Formal description

Formal analysis of requirements: completeness 

and consistency ➔ T = 40 is not specified! 
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描述系统结构和接口 – 结构图
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描述系统组件交互 – 顺序图

Describe complex 

scenarios using 

Sequence Diagrams

Link requirements to 

facilitate traceability
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开发系统详细设计模型 – 状态图
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验证详细设计模型行为 – 需求仿真

Verify expected behavior 

through simulation

Visualize simulation results



1616

验证详细设计模型行为 – 需求确认

Test harness

Test definition

Validate compliance to 

requirements through simulation
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MBSE开发和管理需求

Maintain requirements as an authoritative source of truth throughout 

the product development process, by using (simulation) models to:

Manage Requirements 

– Transform stakeholder requirements/needs into design requirements 

using models, simulation and code generation

– Establish traceability between requirements, models and testcases

Manage Complexity

– Explore the design space through (reusable) trade-off studies

– Through views and traceable architecture models

Manage Interfaces 

– Connect system architecture with software architecture, 

component implementation, FMEA (fault injection models)
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功能分解和需求追溯 – 功能架构

System 

Requirements

High-Level 

Requirements

ReqIF

Bi-directional 

traceability 

Implementation and 

verification status

Import requirements 

using ReqIF
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理解功能架构 – 层级视图

Function 

decomposition
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确认组件接口及系统行为 – 逻辑架构

Validate interfaces 

between components

Define interfaces and re-use 

between models

Integrate with Simulink, 

Simscape and Stateflow

Enable models with simulation 

to understand system behavior
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扩展架构属性 – 构型模板

Properties 

with units and 

checking
Extend graphical 

language with domain 

specific elements
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基于属性的设计权衡

Model Instance Hierarchy
(incl Ports, Connectors)

Stereotype Properties
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描述部署平台 – 物理架构
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架构模型分配和追溯 Allocation between functional, logical and 

physical architecture models

Model-to-Model 

traceability
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协同团队开发 – 架构报告

Stakeholders

Systems

Engineer

Software

Engineers
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MBSE开发和管理需求

Maintain requirements as an authoritative source of truth throughout 

the product development process, by using (simulation) models to:

Manage Requirements 

– Transform stakeholder requirements/needs into design requirements 

using models, simulation and code generation

– Establish traceability between requirements, models and testcases

Manage Complexity 

– Explore the design space through (reusable) trade-off studies

– Through views and traceable architecture models

Manage Interfaces 

– Connect system architecture with software architecture, 

component implementation, FMEA (fault injection models)
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从系统架构到软件架构

Control scheduling order for 

simulation and implementation

Define and share interfaces 

with system model through 

data dictionaries

Integrate with design 

components in Simulink
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管理复杂度 – 软件视图

Views filtered by software 

status as a class diagram

Stereotypes to specify custom 

properties
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管理架构配置 – 变型设计

Active software variant
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测试和验证软件组件

Capture design 

requirements 

through unit tests Integrated test 

harness

Validate and analyze test results 

through simulation
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生成可追溯的代码

Generate C/C++ code

Model-to-Code

Code-to-Model

Traceability
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分配软件组件到硬件平台

Memory need

Memory availability

Analyze deployment impact 

on memory

Memory

overloaded 

Memory not 

overloaded

Core 1-4

                             1 MCU    2 MCUs

                             _____    ______

    MCU1 Memory Used (MB)     100       60  

    MCU1 Memory (MB)           80       80  

    MCU1 Overloaded             1        0  

    MCU2 Memory Used (MB)       0       40  

    MCU2 Memory (MB)           80       80  

    MCU2 Overloaded             0        0 

2 deployment 

strategies

Allocate software components 

on physical platforms
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故障注入和仿真

Sensor fault 

injected

Sensor fault 

detected & mitigated

Cooling enabled
Sensor fault 

model
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基于模型的安全分析

Analyze, simulate and report 

FMEA analyses

Automated verification if known failure 

modes are detected and mitigated
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总结

▪ 通过建立追溯性来维护需求作为权威的设计来源是MBSE的关键之一。

▪ RFLP的架构框架和视图、模板功能有助于MBSE对复杂度进行管理。

▪ 基于同平台的架构模型与设计模型无缝对接最大程度上保证了接口的一致性。

▪ 充分利用分析和仿真为MBSE过程中的创建的模型提供了更高的附加值。
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MathWorks的MBSE解决方案

Systems Engineering: Managing System Complexity - MATLAB & Simulink (mathworks.cn)

https://ww2.mathworks.cn/videos/series/systems-engineering.html
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